The use of brewers condensed solubles in bivalve mariculture by Gussman, David S.
W&M ScholarWorks 
Dissertations, Theses, and Masters Projects Theses, Dissertations, & Master Projects 
1987 
The use of brewers condensed solubles in bivalve mariculture 
David S. Gussman 
College of William and Mary - Virginia Institute of Marine Science 
Follow this and additional works at: https://scholarworks.wm.edu/etd 
 Part of the Zoology Commons 
Recommended Citation 
Gussman, David S., "The use of brewers condensed solubles in bivalve mariculture" (1987). Dissertations, 
Theses, and Masters Projects. Paper 1539616677. 
https://dx.doi.org/doi:10.25773/v5-ffn2-nk13 
This Dissertation is brought to you for free and open access by the Theses, Dissertations, & Master Projects at W&M 
ScholarWorks. It has been accepted for inclusion in Dissertations, Theses, and Masters Projects by an authorized 
administrator of W&M ScholarWorks. For more information, please contact scholarworks@wm.edu. 
INFORMATION TO USERS
While the m ost advanced technology has been used to 
photograph and reproduce this manuscript, the quality of 
the reproduction is heavily dependent upon the quality of 
the material submitted. For example:
•  Manuscript pages may have indistinct print. In such 
cases, the best available copy has been filmed.
•  M anuscripts may not always be complete. In such 
cases, a note will indicate th a t it is not possible to 
obtain missing pages.
•  Copyrighted material may have been removed from 
the manuscript. In such cases, a note will indicate the 
deletion.
Oversize m aterials (e.g., maps, drawings, and charts) are 
photographed by sectioning the original, beginning at the 
upper left-hand corner and continuing from left to right in 
equal sections with small overlaps. Each oversize page is 
also film ed as one expo su re  and  is av a ilab le , for an  
additional charge, as a standard 35mm slide or as a 17”x 23” 
black and white photographic print.
M ost p h o tog raphs rep ro d u ce  accep tab ly  on positive  
microfilm or microfiche but lack the clarity on xerographic 
copies made from the microfilm. For an additional charge, 
35mm slides of 6”x 91' black and white photographic prints 
are available for any photographs or illu stra tions tha t 
cannot be reproduced satisfactorily by xerography.

O rder N u m b e r 8T170T3
T he use of b rew ers condensed  solubles in bivalve m a r i  cu ltu re
Gussman, David S., Ph.D.
THE COLLEGE OF WILLIAM AND MARY, 1987
U  M I
m  N. Zccb Rd.
Ann Aitxir, MT 4HI0A

THE USE OF BREWERS CONDENSED SOLUBLES 
IN BIVALVE MARICULTURE
A D i a a a r t a t l o n  
F r e a e n t a d  t o  
The F a c u l t y  o f  t h e  Schoo l  o f  M a r in e  S c i e n c e  
The C o l l a g e  o f  W i l l i a m  an d  Mary I n  V i r g i n i a
I n  P a r t i a l  F u l f i l l m e n t  
Of t h a  R a q u l r a m a n te  f o r  t h a  D ag rae  o f  
D o c to r  o f  F h l l o e o p h y
by
D a v id  S . Cueaman 
1967
APPROVAL SHEET
T h i s  d i s s e r t a t i o n  i s  s u b m i t t e d  i n  p a r t i a l  f u l f i l l m e n t  
t h e  r e q u i r e m e n t s  f o r  t h e  d e g r e e  o f
D o c t o r  o f  P h i l o s o p h y
D av i d r  G u man
A p p r o v e d ,  Hay 1 9 8 7
■I^TTHCxi)
H o w a r d  I ,  K a t o r ,  P h . D .  
C o m m i t t e e  C o - C h a i r m a n
j> 1 > r ~ i  ’ f ,-X /'Vi*
M o r r i s  H.  R o b e r t o ,  J r .  P h . D .  
C o m m i t t e e  C o - C h a i r m a n
I.Vn,..-
W i l l i a m  B.  D u n s t a n ,  P h . D .
Ol d  D o m i n i o n  U n i v e r s i t y  
N o r f o l k ,  V i r g i n i a
D e x t e r  H a v e n ,  M . S .
§  /  ' III 
■ u ^ A  w  s h ^
L e o n a r d  W, B a n s ,  P h . D
✓3
Bruce  J . N e^ i 1 e o n , Ph .D.
THE USE OF BREWERS CONDENSED SOLUBLES IN BIVALVE MAR I  CULTURE
ABSTRACT
B r e w e ra  Condensed S o l u b l e s  (BCS),  a  b y . p r o d u c t  o f  t h e  b r e w i n g  
i n d u s t r y ,  was e v a l u a t e d  a s  a n u t r i e n t  s o u r c e  f o r  r e a r i n g  J u v e n i l e  
o y s t e r s  ( C r i s s o a t r a a  v l r a l n l c a l  a n d  c l a m s  ( a s r c t T l « l f l  m e r c e n a r i e s  The 
BCS was u s e d  t o  c u l t u r e  b a c t e r i a  wh ich  w a r e  f e d  t o  c o l o r l e s s  f l a g e l l a t e s  
w h i c h  w e re  i n  t u r n  f a d  t o  t h a  o y s t e r s  a n d  c l a m s .  The o v e r a l l  g r o w t h  
e f f i c i e n c y  o f  o y s t e r s  o n  BCS w as  473 mg o f  o y s t e r  (w ho le  w e i g h t )  p e r  g 
f  BCS ( d r y  w e i g h t ) .
F o u r t e e n  I s o l a t e s  r e p r e s e n t i n g  n i n e  g e n e r a  o f  b a c t e r i a  w e r e  i s o l a t e d  
f rom  BCS e n r l c h m a n t  c u l t u r e s .  S p e c i f i c  g r o w t h  r a t e s  o f  t h e  I s o l a t e s  a t  
24°C on a  BCS medium r a n g e d  f rom  0 , 4 6  h ' *  t o  0 . 1 1  h ‘ * . The c o n v e r s i o n  
o f  BCS t o  b a c t e r i a l  b i o m a s s  was e x a m in e d  f o r  f o u r  i s o l a t e s  w i t h  
s u p p l e m e n t s  o f  0 ,  3B, 7 6 ,  a n d  162 mg/1 o f  ammonium s u l f a t e .  The l a r g e s t  
b a c t e r i a l  b l o m a s a  (127 n g / g  BCS) v e s  o b t a i n e d  w i t h  Pseudomonas  m a r i n a . 
The L a r g e s t  b a c t e r i a l  b l o m a s a  w h e n  a v e r a g e d  o v e r  a l l  b a c t e r i a l  i s o l a t e s  
was o b t a i n e d  w i t h  39 m g/1  o f  ammonium s u l f a t e .  Y i e l d s  o f  £ ,  m a r i n a  on 
BCS r a n g e d  from 27.4% f o r  no ammonium s u l f a t e  a d d i t i o n  t o  36.5% w i t h  36 
■ g /1  o f  ammonium s u l f a t e .
The a f f e c t s  o f  d i s s o l v e d  n u t r i e n t s ,  s a l i n i t y ,  t e m p e r a t u r e ,  s h a k i n g ,  
b a c t e r i a l  c o n c e n t r a t i o n ,  a n d  b a c t e r i a l  s p e c i e s  on t h e  g r o w t h  r a t e s  o f  
f i v e  s p e c i e s  o f  c o l o r l e s s  f l a g e l l a t e s  w e r e  e x a m i n e d .  None o f  t h e
c o l o r l e s s  f l a g e l l a t e s  c o u l d  be r a i s e d  on  t h e  d i s s o l v e d  n u t r i e n t s  In  BCS, 
•1 1  r e q u i r e d  a  b a c t e r i a l  d i e t .  S h a k i n g ,  s a l i n i t y ,  a n d  t h e  b a c t e r i a l  
i s o l a t e  u s e d  a s  food  h a d  l i t t l e  e f f e c t  on  t h e  f l a g e l l a t e  g r o w t h  r a t e s .  
T e m p e r a t u r e  and  b a c t e r i a l  c o n c e n t r a t i o n  h a d  p r o n o u n c e d  e f f e c t s .  The 
g r e a t e s t  g r o w t h  r a t e s  w e re  r e c o r d e d  a t  t e m p e r a t u r e *  b e t w e e n  21 and  
26°C.  Growth  r a t e s  i n c r e a s e d  w i t h  i n c r e a s i n g  b a c t e r i a l  c o n c e n t r a t i o n  i n  
a  manner s u g g e s t i v e  o f  M i c h a e l I s - H e n t e n  k i n e t i c s .  M ax lnua  s p e c i f i c  
g r o w th  r a t e s  r a n g e d  f r o m  0 . 1 1  h  * t o  0 . 1 6  h~* .  Y i e l d s  o f  c o l o r l e s s  
f l a g e l l a t e s  g r o w in g  on  b a c t e r i a  r a n g e d  f rom  0 , 3 0  t o  0 . 4 2 .
The g r o w t h  o f  o y s t e r s  and  c la m s  f e d  c o l o r l e s s  f l a g e l l a t e s ,  BCS 
e n r i c h m e n t  c u l t u r e s ,  a n d  b a c t e r i a  was com pared  t o  t h e  g r o w th  o f  s t a r v e d  
c o n t r o l s  a n d  a n im a l s  f e d  T e t r a s e l m i s  g u e c i c a .  Fa raphvsc iaonf ls  v e s t l t a  
was t h e  o n l y  s p e c i e s  o f  c o l o r l e s s  f l a g e l l a t e  t o  c o n s i s t e n t l y  r e s u l t  i n  
g row th  g r e a t e r  t h a n  t h e  s t a r v e d  c o n t r o l .  The BCS e n r i c h m e n t  c u l t u r e  
v a r i e d  g r e a t l y  i n  i t s  n u t r i t i o n a l  v a l u e .  The a v e r a g e  o y s t e r  g r o w t h  on 
£ .  v e s t l t a  was  55% o f  t h e  g r o w t h  o b t a i n e d  w i t h  J ,  s u e c l c i . O y s t e r s  f e d  
c o m b i n a t i o n s  o f  J .  a u a c l c a  a n d  £ .  v e s t l t a  d i d  n o t  g row a s  r a p i d l y  a s  on 
a  p u r e  d i e t  o f  J .  s u e c l c a . No g r o w t h  o c c u r r e d  when o y s t e r s  a n d  c l a n s  
were  f a d  a  p u r e l y  b a c t e r i a l  d i e t .
D a v i d  S . Gussman 
S c h o o l  o f  Marine  S c i e n c e  
The C o l l a g e  o f  U l l l l a o  and  Mery i n  V i r g i n i a
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ABSTRACT
B r e w e r s  C o n d e n s e d  S o l u b l e s  {BC S) , a b y - p r o d u c t  o f  t h e  b r e w i n g  
I n d u s t r y  was  e v a l u a t e d  a s  a  n u t r i e n t  s o u r c e  f o r  r e a r i n g  J u v e n i l e  o y s t e r s  
f C r a ^ s o s t r e a  v l f f i n l c a ) a n d  c l a m s  ( K e r c e n a r l a  n e y c e n a r l a ) . The  BCS was 
u s e d  t o  c u l t u r e  b a c t e r i a  w h i c h  w e r e  f e d  t o  c o l o r l e e a  f l a g e l l a t e s  w h i c h  
w e r e  i n  t u r n  f e d  t o  o y s t e r s  a n d  c l a n s .  The o v e r a l l  g r o w t h  e f f i c i e n c y  o f  
o y s t e r s  on BCS was 473  mg o f  o y s t e r  ( w h o le  w e i g h t )  p e r  g  o f  BCS ( d r y  
w e i g h t ) .
F o u r t e e n  i s o l a t e s  r e p r e s e n t i n g  n i n e  g e n e r a  o f  b a c t e r i a  w e r e  i s o l a t e d  
f r o m  BCS e n r i c h m e n t  c u l t u r e s .  S p e c i f i c  g r o w t h  r a t e s ^ o f  t h e  i s o l a t e s  a t  
24 C on a  BCS medium r a n g e d  f rom  0 . 4 6  h t o  0 . 1 1  h The  c o n v e r s i o n
o f  BCS t o  b a c t e r i a l  b l o m a s a  was  e x a m i n e d  f o r  f o u r  I s o l a t e s  w i t h  
s u p p l e m e n t s  o f  0 ,  3 6 .  7 6 ,  a n d  152 n g / 1  o f  ammonium s u l f a t e .  The l a r g e s t  
b a c t e r i a l  b i o m a s s  (1 2 7  m g / g  BCS) was  o b t a i n e d  w i t h  F^eu^ppionas n a r l n a . 
The l a r g e s t  b a c t e r i a l  b i o m a s s  when  a v e r a g e d  o v e r  a l l  b a c t e r i a l  I s o l a t e s  
was o b t a i n e d  w i t h  36 m g /1  o f  ammonium s u l f a t e .  Y i e l d s  o f  £ .  m a r i n a  on  
BCS r a n g e d  f r o m  2 7 - 4 1  f o r  n o  ammonium s u l f a t e  a d d i t i o n  t o  3 B . 5 I  w i t h  36 
m g/1  o f  ammonium s u l f a t e .
The e f f e c t s  o f  d i s s o l v e d  n u t r i e n t s ,  s a l i n i t y ,  t e m p e r a t u r e ,  s h a k i n g ,  
b a c t e r i a l  c o n c e n t r a t i o n ,  a n d  b a c t e r i a l  s p e c i e s  on t h e  g r o w t h  r a t e s  o f  
f i v e  s p e c i e s  o f  c o l o r l e s s  f l a g e l l a t e s  w e re  e x a m i n e d .  The f i v e  s p e c i e s  
s t u d i e d  i n c l u d e d  F a r a o h v a o m o n a s  v e s t l t a . a n  u n i d e n t i f i e d  c h r y s o m o n a d ,  
two b o d o n i d s , a n d  a  c h o a n o f l a g e l l a t e . Hone o f  t h e  c o l o r l e s s  f l a g e l l a t e s  
c o u l d  b e  r a i s e d  o n  t h e  d i s s o l v e d  n u t r i e n t s  I n  BCS, a l l  r e q u i r e d  a 
b a c t e r i a l  d i e t .  S h a k i n g ,  s a l i n i t y ,  a n d  t h e  b a c t e r i a l  I s o l a t e  u s e d  a s  
f o o d  h a d  l i t t l e  e f f e c t  o n  t h e  f l a g e l l a t e  g r o w t h  r a t e s .  T e m p e r a t u r e  a n d  
b a c t e r i a l  c o n c e n t r a t i o n  h a d  p r o n o u n c e d  e f f e c t s .  The g r e a t e s t  g r o w t h  
r a t e s  w e re  r e c o r d e d  a t  t e m p e r a t u r e s  b e t w e e n  21 and  26 C. G row th  r a t e s  
I n c r e a s e d  w i t h  i n c r e a s i n g  b a c t e r i a l  c o n c e n t r a t i o n  i n  a  m a n n e r  s u g g e s t i v e  
o f  H i c h a e l l s ' - H e n t e n ^ k i n a t l c s . Maximum s p e c i f i c  g r o w t h  r a t e s  r a n g e d  f rom  
0 . 1 1  h" t o  0 . 1 6  h '  . Y i e l d s  o f  c o l o r l e s s  f l a g e l l a t e s  g r o w i n g  on 
b a c t e r i a  r a n g e d  f r o m  0 . 3 0  t o  0 . 4 2 .
The  g r o w t h  o f  o y s t e r s  a n d  c l a m s  f e d  c o l o r l e s s  f l a g e l l a t e s ,  BCS 
e n r i c h m e n t  c u l t u r e s ,  a n d  b a c t e r i a  was c o m p a r e d  t o  t h e  g r o w t h  o f  s t a r v e d  
c o n t r o l s  a n d  a n i m a l s  f e d  y e t r a s e l m l s  s u a c l c a . £ ,  v e s t i t a  w as  t h e  o n l y  
s p e c i e s  o f  c o l o r l e s s  f l a g e l l a t e  t o  c o n s i s t e n t l y  r e s u l t  i n  g r o w t h  g r e a t e r  
t h a n  t h e  s t a r v e d  c o n t r o l .  The BGS e n r i c h m e n t  c u l t u r e  v a r i e d  g r e a t l y  I n  
i t s  n u t r i t i o n a l  v a l u e .  The a v e r a g e  o y s t e r  g r o w t h  on £ .  y e s 1 1t a  was 55* 
o f  t h e  g r o w t h  o b t a i n e d  w i t h  I .  s u e c i c a . O y s t e r s  f e d  c o m b i n a t i o n s  o f  X. 
a u e c t f a a n d  £ .  v e s t l t a  d i d  n o t  g row a s  r a p i d l y  a s  on a  p u r e  d i e t  o f  2-  
a u e c i c a . No g r o w t h  o c c u r r e d  when o y s t e r s  a n d  c la m s  were f e d  a p u r e l y  
b a c t e r i a l  d i e t .
THE USE OF BREWERS CONDENSED SOLUBLES IN BIVALVE MARICULTURE
SECTION I ,  
I n t r o d u c t i o n
W a s t e  w a t e r  a q u a c u l t u r e  1 b a  t e r m  u s e d  t o  d e s c r i b e  t h e  p r o c e s s  
b y  w h i c h  a q u a t i c  o r g a n i s m  a r e  r a i s e d  f o r  f o o d  on n u t r i e n t s  d e r i v e d  
f rom  a  w a s t e  e f f l u e n t ,  A w e l l  d e s i g n e d  w a s t e  w a t e r  a q u a c u l t u r e  s y s t e m  
c a n  d i s p o s e  o f  w a s t e  n u t r i e n t s  w i t h o u t  ■t r e s s l n g  t h e  e n v i r o n m e n t  w h i l e  
p r o d u c i n g  a f o o d  f o r  man.  By c o m b in in g  t h e s e  two p r o c e s s e s  I n t o  one 
s y s t e m ,  s i g n i f i c a n t  s a v i n g s  i n  e n e r g y  and  c o s t s  may be r e a l i z e d .  The 
p r e s e n t  s t u d y  e x a m i n e d  t h a  f e a s i b i l i t y  o f  a  w a s t e  w a t e r  a q u a c u l t u r e  
s y s t e m  u s i n g  b r e w e r y  w a s t e  f o r  r a i s i n g  t h e  A m e r ic an  o y s t e r  
f C r a s s o a t r e a  v l r g l n l c a )  a n d  t h e  h a r d  c la m  ( M e r c e n a r l a  m e r c e n a r l a )  - 
B a c t e r i a  a n d  p r o t o z o a  w e re  f i r s t  c u l t u r e d  on t h e  b r e w e r y  w a s t e  
e f f l u e n t s  a n d  w e r e  t h e n  t e s t e d  a s  d i e t s  f o r  t h e  b i v a l v e s .
M o a t  c o n v e n t i o n a l  fo rm e  o f  w a s t e  t r e a t m e n t ,  e . g .  a c t i v a t e d  
s l u d g e ,  t r i c k l i n g  f i l t e r ,  r o t a t i n g  b i o l o g i c a l  c o n t a c t o r s ,  and  
o x i d a t i o n  p o n d s ,  u s e  m i c r o o r g a n i s m s  t o  o x i d i z e  o r g a n i c  w a s t e s .  
N u t r i e n t s  i n  some o f  t h e s e  a y s  toms a r e  removed and  r e c y c l e d  I n  t h e  
f o r m  o f  s l u d g e ,  b u t  moat  o f t e n  a r e  r e l e a s e d  I n t o  t h e  a q u a t i c  
e n v i r o n m e n t  i n  a  m o re  o x i d i z e d  form.  La rge  q u a n t i t i e s  o f  n u t r i e n t s  
r e l e a s e d  I n t o  a  b o d y  o f  w a t e r  r e s u l t  i n  e u t r o p h l c a t l o n ,  a  c o n d i t i o n  
w h i c h  r a s u l t s  i n  a  l a r g e  i n c r e a s e  i n  t h e  b i o m a s s  o f  a l g a e  and  o t h e r  
m i c r o o r g a n i s m s .  R e s p i r a t i o n  b y  t h e  i n c r e a s e d  m i c r o b i a l  b i o m a s s  
d e p l e t e s  o x y g e n  f r o m  t h e  w a t e r  and  t h e  r e s u l t i n g  a n a e r o b i c  c o n d i t i o n s
1
2a r e  f a t a l  t o  f i s h ,  b i v a l v e s ,  a n d  o t h e r  a q u a t i c  l i f e .  H igh  n u t r i e n t  
c o n c e n t r a t i o n s  n a y  t h e m s e l v e s  b e  t o x i c  t o  a q u a t i c  a n i m a l s .  E x c e s s  
n u t r i e n t *  a r e  e v e n t u a l l y  s w e p t  o u t  t o  a e a  o r  s e q u e s t e r e d  i n  s e d i m e n t s .  
U a s t e  w a t e r  a q u a c u l t u r e  c a n  b e  c o n s i d e r e d  t o  b e  " c o n t r o l l e d  
e u t r o p h l c a t i o n "  ( R y t h e r  e t  a l . ,  1 9 7 6 ) .  The w a s t e  n u t r i e n t s  a r e  u s e d  
t o  c u l t u r e  s e l e c t e d  m i c r o o r g a n i s m *  u n d e r  c a r e f u l l y  r e g u l a t e d  
c o n d i t i o n s  a n d  t h e n  t h e  m i c r o o r g a n i s m *  a r e  h a r v e s t e d  a n d  f e d  t o  
a n i m a l s  w h i c h  c a n  s e r v e  a s  human f o o d s .  The o x i d i z e d  n u t r i e n t s  a r e  
t h u s  r e c y c l e d  r a t h e r  t h a n  r e l e a s e d  I n t o  t h e  a q u a t i c  e n v i r o n m e n t .
I n  d e s i g n i n g  a  w a s t e  w a t e r  a q u a c u l t u r e  s y s t e m ,  c a r e f u l  a t t e n t i o n  
m u s t  b *  g i v e n  t o  t h e  c h e m i c a l  a n d  p h y s i c a l  c h a r a c t e r i s t i c s  o f  t h e  
w a s t a .  Of p a r t i c u l a r  I m p o r t a n c e  w i l l  b e  t h e  c o n c e n t r a t i o n s  o f  p r i m a r y  
n u t r i e n t s ,  e . g .  c a r b o n ,  n i t r o g e n ,  and  p h o s p h o r u s ,  f o r  t h e s e  w i l l  
d e t e r m i n e  t h e  am oun t  o f  m i c r o b i a l  b i o m a s s  w h i c h  c a n  b e  p r o d u c e d  a n d  
t h u s  u l t i m a t e l y  t h e  a m o u n t  o f  a n y  d e s i r e d  f o o d  o r g a n i s m s . The r a t i o s  
o f  n u t r i e n t s  w i l l  d e t e r m i n e  I f  s u p p l e m e n t a t i o n  w i t h  I n o r g a n i c  
n u t r i e n t s  1* r e q u i r e d  t o  m ax im iz e  t h a  p r o d u c t i o n  o f  b l o m a s a .  The 
o x i d a t i o n  s t a t e  o f  t h e  n u t r i e n t s ,  w h i c h  r e f l e c t s  t h e  e n e r g y  a v a i l a b l e  
f o r  g r o w t h ,  i s  a n o t h e r  i m p o r t a n t  f a c t o r .  P h y s i c a l  c h a r a c t e r i s t i c s  t o  
be  c o n s i d e r e d  I n c l u d e  t h e  d e g r e e  o f  d i s s o l u t i o n  and  t h e  s i z e  
d i s t r i b u t i o n  o f  p a r t i c u l a t e s  i n  a  w a s t e ,  W a s t e s  low I n  n u t r i e n t s ,  
e x t r e m e l y  i n e r t ,  o r  t o x i c  may b e  u n d e s i r a b l e .  B o th  I n d u s t r i a l  a n d  
d o m e s t i c  w a s t e s  may b e  s u i t a b l e  f o r  w a s t e  w a t e r  a q u a c u l t u r e .
A n im a l  a n d  human w a s t e s ,  a n d  a g r i c u l t u r a l  r e s i d u e s  c a n  a l l  b e  
u s e d  a s  s o u r c e s  o f  n u t r i e n t s  f a r  w a s t e  w a t e r  a q u a c u l t u r e , For  
c e n t u r i e s ,  w a s t e  w a t e r  a q u a c u l t u r e  was p r a c t i c e d  on  a  s m a l l  s c a l e  In  
t h e  f o r m  o f  f i s h  p o n d s  t h a t  w e r e  f e r t i l i z e d  w i t h  human n i g h t s o l l .
3Hunan  w a s  t e a  h a v e  b e a n  u a e d  I n  a  v a r i e t y  o f  n o t e  I n t e n s i v e  a q u a c u l t u r e  
p r o j e c t *  i n  r e c e n t  y e a r s .  Raw sewage c a n  be u a e d  t o  f e r t i l i z e  pon d s  
a n d  l a g o o n s  f o r  f i s h  r e a r i n g  w i t h o u t  any  p r e t r a a t m e n t  ( C a r p e n t e r  e t  
a l . , 1 9 7 6 ;  H e n d e r s o n ,  1979;  A v e l a l l e m e n t  and  H e l d ,  1 9 8 0 ) .  A q u a c u l t u r e  
c a n  a l a o  b e  e m p l o y e d  ax a fo rm o f  t e r t i a r y  w a s t e  t r e a t m e n t ,  u s i n g  
s e c o n d a r y  t r e a t e d  s e w a g e  e f f l u e n t s  a s  a  s o u r c e  o f  n u t r i e n t s  ( R y t h e r ,  
1976 ;  A l l e n  e t  * 1 . ,  1961;  Kawasaki  e t  a l . ,  1 9 8 2 ) .  Sewage s l u d g e ,  w i t h  
a  w i t h o u t  c o m p o s t i n g ,  c a n  a l s o  be u s e d  a s  a  n u t r i e n t  s o u r c e  f o r  
f e r t i l i z i n g  p o n d s  ( f i a n e r j e e  a n d  S r l n i v a n s a n ,  1983;  P o l p r a s e r t  e t  a l .  , 
1 9 8 4 ) .  C a t t l e  ( S c h r o e d e r  and  Hepher ,  1 9 7 6 ) ,  s w i n e  ( b u c k ,  B a u e r ,  and  
R o s e ,  1 9 7 8 ;  W a t s o n ,  1 9 8 5 ) ,  and  p o u l t r y  w a s t e s  ( L i n g ,  1977;  G r i f f i n  e t  
a l ,  1 9 8 0 ;  B u m *  a n d  S t i c k t i e y ,  1980) h a v e  a l l  b e e n  u s e d  a s  n u t r i e n t s  i n  
m a r i c u l t u r e  p r o j e c t s .  Many a g r i c u l t u r a l  w a s t e s  a n d  r e s i d u e s  ( i . e .  
c o c o a  h u l l s ,  c o t t o n  s e e d ,  p e a n u t  s h e l l s ,  r i c e  b r a n ,  s u g a r  c a n e  f i b r e )  
h a v e  b e e n  e x a m i n e d  a s  n u t r i e n t  s o u r c e s  f o r  a q u a c u l t u r e  ( B a r d a c h ,  197B) 
w i t h  m i x e d  r e s u l t s .  H o s t  s t u d i e s  on t h e s e  w a s t e s  t e s t e d  them a s  f e e d  
s u p p l e m e n t *  f o r  f i s h  w i t h  l i t t l e  t r e a t m e n t  b e yond  g r i n d i n g  an d  
p e l l e t l c l n g .
Few I n d u s t r i a l  w a s t e s  h a v e  been  e x a m in e d  f o r  u s e  i n  a q u a c u l t u r e  
c o m p a r e d  t o  t h e  num ber  o f  p r o j e c t s  i n v o l v i n g  human and  a n im a l  w a s t e s  
e v e n  t h o u g h  many I n d u s t r i a l  w a s t e s ,  p a r t i c u l a r l y  t h o s e  o f  t h e  food  a n d  
b e v e r a g e  i n d u s t r i e s ,  h a v e  h i g h  o r g a n i c  c o n t e n t s  a n d  a r e  n o t  h i g h l y  
t o x i c .  D i s c a r d e d  a n i m a l  p a r t s  f rom f o o d  p r o c e s s i n g  i n d u s t r i e s  have  
b e e n  e x a m i n e d  f o r  u s e  i n  a q u a c u l t u r e  i n  a  U n i t e d  number  o f  s t u d i e s .  
C h i c k e n  v i s c e r a  h a v e  b e e n  u s e d  a s  a f o o d  s u p p l e m e n t  f o r  r a i s i n g  sa lm on  
( M a r k e t ,  1 9 7 7 ) ,  s c r a p s  from c la m  p r o c e s s i n g  can  b e  u s e d  I n  t r o u t  
r a t i o n s  ( G o o d r i c h  e t  a l , , 1 9 6 4 ) ,  and w a s t e s  f rom f i s h  a n d  s h e l l f i s h
4p r o c e s s i n g  have  b e e n  u s e d  t o  r a i s e  c a t f i s h  (Dean  e t  e l . ,  1 9 8 2 ) .  
A b b e t o i r  w a s t e s  e n d  d a i r y  w a s t e s  have b e e n  u s e d  t o  r a i s e  E u a l e n a  
g f f c l  11s  w h ic h  w e re  t h e n  f e d  t o  roop  l a n k  t o n  a n d  f i s h  (Way good  a t  a l .  , 
I 9 6 0 ) ,  O t h e r  f o o d  i n d u s t r y  w a s t e s  u s e d  f o r  a q u a c u l t u r e  I n c l u d e  
c a n n e r y  a f f l u e n t s  u s e d  t o  r a i s e  p h o t o s y n t h e t l c  b a c t e r i a  a n d  a l g a e  
w h i c h  a r e  f e d  t o  t l l a p l a  ( G a l g h e r  e t  a l . , 1 9 8 0 ) ,  s u g a r  b e e t  f a c t o r y  
a f f l u e n t s  u s e d  t o  f e r t i l i z e  c a r p  ponds  ( T h o r o l u n d ,  1 9 7 1 ) ,  and  
e f f l u e n t s  f ront  a pa lm o i l  r e f i n e r y  used t o  c u l t u r e  C h l o r e l l a  g p . f o r  
z o o p l a n k t o n  r e a r i n g .
V h l l e  b r e w e r y  w a s t e s  have  n e v e r  been  u s e d  f o r  r a i s i n g  m a r i n e  
b i v a l v e s ,  s t u d i e s  have  e x a m in ed  t h e i r  u s e  and  t h a t  o f  r e l a t e d  
f e r m e n t a t i o n  i n d u s t r y  w a s t e s  f o r  o t h e r  t y p e s  o f  a q u a c u l t u r e .  S i n g l e  
c a l l  p r o t e i n  from m i c r o o r g a n i s m s  r a i s e d  on b r e w e r y  w a s t e s  h a v e  b e e n  
i n c o r p o r a t e d  I n t o  t r o u t  r a t i o n s  ( U l n d e l l  e t  a l ,  , 197&) . Ponds  
f e r t i l i z e d  w i t h  b r e w e r y  w a s t e s  have  r e s u l t e d  i n  y i e l d s  o f  t l l a p l a  o f  
2 , 5 0 0  k g / h a  (N u g e n t ,  1 9 7 0 ) .  D i s t i l l a t i o n  s l o p s  from rum d i s t i l l e r i e s  
a n d  s p e n t  b e e r  f rom  p h a r m a c e u t i c a l  f e r m e n t a t i o n s  h a v e  b e e n  u s e d  t o  
r a i s e  t l l a p l a  ( P a g a n - F o n t ,  e t  a l . ,  1978) a s  h a v e  d i s t i l l e r y  w a s t e s  
f rom  e t h a n o l  p r o d u c t i o n  p l a n t s  (B e h te n d s  e t  a l . ,  1 9 8 5 ) .  A l l  t h e s e  
s t u d i e s  h a v e  c u l t u r e d  f i s h ,  and  m os t  have  c h o s e n  t l l a p l a ,  w h ic h  c a n  
f e e d  on  p h y t o p l a n k t o n ,  a s  t h e  c u l t u r e d  a n i m a l .  The one r e p o r t e d  
a t t e m p t  a t  r a i s i n g  an a q u a t i c  food  o r g a n i s m  ( f r e s h  w a t e r  p ra w n s )  o n  
d i s t i l l e r y  w a s t e s  was n o t  s u c c e s s f u l  ( B e h re n d s  e t  a l . ,  1 9 8 5 ) .
H o s t  w a s t e s  c a n n o t  be f e d  d i r e c t l y  t o  a n i m a l s  consumed  by  man.
At  l e a s t  one  and  u s u a l l y  s e v e r a l  m i c r o b i a l  i n t e r m e d i a t e s  a r e  r e q u i r e d  
i n  t h e  f o o d  c h a i n .  Waste w a t e r  a q u a c u l t u r e  s y s t e m s  c a n  b e  
c h a r a c t e r i z e d  by t h e  number o f  auch  s t a g e s , t h e  t y p e s  o f
5m i c r o o r g a n i s m s  i n v o l v e d ,  and  t h e  s o u r c e  o f  e n e r g y  u s e d  f o r  t h a  
m i c r o b i a l  g r o w t h .  Many w a s t e  w a t e r  a q u a c u l t u r e  s c hem e s  h a v e  u s e d  
b a c t e r i a  t o  o x i d i z e  o r g a n i c  compounds i n  a  f i r s t  s t a g e .  M i c r o a l g a e  
a r e  r a i s e d  on  t h e  o x i d i z e d  n u t r i e n t s  i n  a  s e c o n d  s t a g e  a n d  t h e  
m l c r o a l g a e  a r e  f e d  t o  t h e  f o o d  o r g a n i s m  o r  a n o t h e r  i n t e r m e d i a t e  
h e r b i v o r e  i n  a  t h i r d  s t a g e .  The  f i r s t  s t a g e  i s  d e p e n d e n t  on  e n e r g y  
p r e s e n t  I n  t h e  w a s t e  w h i l e  t h e  s e c o n d  s t a g e  r e q u i r e s  t h e  i n p u t  o f  
e n e r g y  i n  t h e  fo rm  o f  l i g h t ,  a n d  t h e  t h i r d  s t a g e  i s  d e p e n d e n t  on  t h e  
e n e r g y  p r e s e n t  i n  t h e  a l g a e .  The  f i r s t  a n d  t h i r d  s t a g e s  I n v o l v e  
h e t e r o t r o p h i c  p r o c e s s e s  w h i l e  t h e  s e c o n d  s t e p  i n v o l v e s  a n  a u t o t r o p h i c  
p r o c e s s .  T h e  I n c l u s i o n  o f  a n  a u t o t r o p h i c  p r o c e s s  i m p o s e s  a number  o f  
r e s t r i c t i o n s  o n  t h e  o v e r a l l  a q u a c u l t u r e  s y s t e m  and  may a c t  a s  a 
" b o t t l e n e c k " .
The  p r o d u c t i o n  o f  n i c r o a l g a e  r e q u i r e s  l i g h t  w h i c h  may b e  p r o v i d e d  
e i t h e r  a r t i f i c i a l l y  b y  lamps  o r  n a t u r a l l y  b y  s u n l i g h t .  The  c o a t  o f  
e l e c t r i c i t y  m akes  a l g a l  c u l t u r e  u n d e r  l am ps  p r o h i b i t i v e l y  e x p e n s i v e  
f o r  c o m m e r c i a l  v e n t u r e s .  S u n l i g h t  i s  a  l a s s  e x p e n s i v e  s o u r c e  o f  
I l l u m i n a t i o n  b u t  i s  n o t  a v a i l a b l e  a t  n i g h t  a n d  i s  g r e a t l y  r e d u c e d  on 
c l o u d y  d a y s .  S e v e r e  r e s t r i c t i o n s  on  t h e  s i z e s  a n d  s h a p e s  o f  a l g a l  
c u l t u r e  v e s s e l s  r e s u l t  f rom t h e  r e q u i r e m e n t  f o r  s u f f i c i e n t  l i g h t  
p e n e t r a t i o n .  C u l t u r e  v e s s e l s  u s e d  w i t h  a r t i f i c i a l  l i g h t s  r a r e l y  
e x c e e d  one  m e t e r  i n  t h e  d i m e n s i o n  o f  l i g h t  p e n e t r a t i o n .  O u t d o o r  ponds  
m u s t  b a  s h a l l o w  a s  w e l l  t o  a l l o w  l i g h t  p e n e t r a t i o n .  S i n c e  c o v e r s  
r e d u c e  l i g h t  p e n e t r a t i o n  by  a b s o r b i n g  and  r e f l e c t i n g  l i g h t ,  p o n d s  a r e  
f r e q u e n t l y  o p e n  t o  t h e  a i r ,  w h i c h  l e a d s  t o  c o n t a m i n a t i o n  p r o b l e m s .
An a q u a c u l t u r e  s y s t e m  t h a t  u s e s  o n l y  h a t e r o t r o p h i c  p r o c e s s e s  and  
t h u s  o b v i a t e s  t h e  n e e d  f o r  h i g h  i n t e n s i t y  l i g h t  was a  g o a l  o f  t h e
6p r e s e n t  s t u d y .  B a c t e r i a  a n d  p r o t o z o a ,  b o t h  o f  wh ich  c a n  be r a i s e d  i n  
t h e  d a r k ,  w a re  c u l t u r e d  o n  b r a v e r y  w a s t e s .  No a t t e m p t  w a s  made t o  
r a i s e  a l g a e .  A w a s t e  w a t e r  a q u a c u l t u r e  s y s t e m  t h a t  u s e s  on ly  
h e t e r o t r o p h l c  p r o c e s s e s  s h o u l d ,  i n  t h e o r y ,  b e  more e f f i c i e n t  I n  t h e  
u t i l i z a t i o n  o f  b o t h  e n e r g y  a n d  s p a c e  t h a n  t h o s e  t h a t  i n c o r p o r a t e  a 
p h o t o s y n t h e t i c  s t a g e .
B r e w e r i e s  l e n d  t h e m s e l v e s  t o  w a s t e  w a t e r  a q u a c u l t u r e  f o r  s e v e r a l  
r e a s o n s .  B r a v e r y  w a s t e  a f f l u e n t s  c o n t a i n  h i g h  c o n c e n t r a t i o n s  o f  
n u t r i e n t s  w h ic h  a r e  e a s i l y  d e g r a d a b l e .  T y p i c a l  BODs a r e  b e tw e en  1 , 0 0 0  
a g / 1  and  3 , 0 0 0  mg/1 ( S c h w a r t z  a n d  J o n e s ,  1 9 7 2 ) .  At  p r e s e n t ,  b r e w e r y  
w a s t e  e f f l u e n t s  a r e  u s u a l l y  t r e a t e d  a t  m u n i c i p a l  t r e a t m e n t  p l a n t s  
w h e r e  t h e y  a r e  d i l u t e d  w i t h  d o m e s t i c  w a s t e  w a t e r s  and  t r e a t e d  by a n  
a c t i v a t e d  s l u d g e  p r o c e s s  ( S c h w a r t z  a n d  J o n e s ,  1 9 7 2 ) .  S l u d g e  b u l k i n g  
l a  f r e q u e n t l y  a  p ro b le m  due i n  p a r t  t o  t h e  h i g h  p r o p o r t i o n  o f  e a s i l y  
a s s i m i l a t e d  c a r b o h y d r a t e s  i n  t h e  e f f l u e n t  ( S c h w a r t z  a n d  Popovchak ,  
1 9 8 0 ) .  E a s i l y  a s s i m i l a t e d  c a r b o h y d r a t e s ,  h o w e v e r ,  w o u l d  be an 
a d v a n t a g e  I n  a  w a s t e  w a t e r  a q u a c u l t u r e  s y s t e m .  L a rg e  q u a n t i t i e s  o f  
w a s t e  e f f l u e n t s  a r e  g e n e r a t e d  b y  t h e  b r e w i n g  p r o c e s s ,  u s u a l l y  a b o u t  
t e n  b a r r e l s  o f  w a s t e  w a t e r  f o r  e a c h  b a r r e l  o f  b e e r  ( S c h w a r t z  and 
J o n e s ,  1 9 7 2 ) .  At  t h e  A n h e u s e r - B u s c h  b r e w e r y  i n  W i l l i a m s b u r g ,  VA, 
1 0 0 , 0 0 0  b a r r e l s  o f  b e e r  a r e  p r o d u c e d  p e r  week r e s u l t i n g  i n  t h r e e  t o  
f o u r  m i l l i o n  g a l l o n s  o f  w a s t e  w a t e r  p e r  d a y .  B r e w e r i e s  g e n e r a t e  w a s t e  
e f f l u e n t s  c o n t i n u o u s l y  t h r o u g h o u t  t h e  y e a r  o n  a  r e g u l a r  s c h e d u l e ,  an  
I m p o r t a n t  c o n s i d e r a t i o n  i f  a n  a q u a c u l t u r e  t r e a t m e n t  s y s t e m  i s  t o  b e  
o p e r a t e d  y e a r  r o u n d .  Many f o o d  p r o c e s s i n g  i n d u s t r y  w a s t e s  t h a t  m i g h t  
b e  f a v o r a b l e  f o r  a q u a c u l t u r e  a r e  o n l y  a v a i l a b l e  s e a s o n a l l y .  The 
c o m p o s i t i o n  o f  b r e w e ry  w a s t e  e f f l u e n t s  r e m a i n s  r e l a t i v e l y  c o n s t a n t
7o v e r  t i n e .  M i c r o b i a l  p r o d u c t i o n  p r o b le m s  c o u l d  r e s u l t  i f  w a s t e s  
f l u c t u a t e d  g r e a t l y  i n  c o m p o s i t i o n .  B r e w e r i e s  a r e  a l s o  h e a v y  u s e r s  o f  
e n e r g y ;  an  a v e r a g e  o f  3 9 0 ,0 0 0  BTUs a r e  r e q u i r e d  t o  p r o d u c e  a  b a r r e l  of
b e e r  (Keenan and K o r m l , 19B1) . I t  n i g h t  b e  p o s s i b l e  t o  u s e  some o f  t h e
w a s t e  h e a t  I n  the  m a r l c u l t u r e  o p e r a t i o n .
S e v e r a l  was te  w a t e r  a q u a c u l t u r e  s y s t e m s  h a v e  u s e d  e f f l u e n t s  f rom 
m u n i c i p a l  w a s t e  t r e a t m e n t  p l a n t s  ( R y t h e r  e t  a l . , 1972;  S h e l e f  e t  a l . ,  
1980 ;  A l i e n  and  C a r p e n t e r ,  1977} .  Heavy m e t a l s ,  i n s e c t i c i d e s , 
h e r b i c i d e s ,  and  h y d r o c a r b o n s  c a n  a l l  o c c u r  i n  t h e  i n f l u e n t  o f  a
m u n i c i p a l  t r e a t m e n t  p l a n t  w i t h  p o t e n t i a l l y  h a r m f u l  e f f e c t s  on t h e
o r g a n i s m s  b e i n g  c u l t u r e d .  B r e w e r i e s  do n o t  h a v e  t h i s  p r o b le m  b e c a u s e  
t h e y  c o n t r o l  what  i s  g o i n g  I n t o  w a s t e  s t r e a m s .  E v e r y  compound u s e d  In 
a  b r e w e ry  m u s t  meet s t a n d a r d s  s e t  by t h e  FDA f o r  t h e  b e v e r a g e  
i n d u s t r y .  Waste  w a t e r  a q u a c u l t u r e  s y s t e m s  t h a t  u s e  t r e a t e d  human o r  
a n i m a l  w a s t e s  must  a l s o  a d d r e s s  t h e  p o t e n t i a l  f o r  a c c u m u l a t i o n  o f  
p a t h o g e n i c  b a c t e r i a  a n d  v i r u s e s  i n  t h e  c u l t u r e d  a n i m a l s  (Mann e t  a l , , 
1 9 7 9 ) .  Human p a t h o g e n s  a r e  e x t r e m e l y  r a r e  I n  b r e w e r i e s  b e c a u s e  t h e  
f e r m e n t a t i o n  p r o c e s s  p r o d u c e s  c o n d i t i o n s  ( l o w  pH, h i g h  C 0 ^ , and  h i g h
a l c o h o l )  w h i c h  a r e  u n f a v o r a b l e  t o  t h e i r  g r o w t h .
B i v a l v e s ,  which  c a n  be r a i s e d  on m i c r o o r g a n i s m s ,  f e e d  l o w e r  I n  
t h e  food c h a i n  t h a n  many s p e c i e s  o f  f i s h ,  w h i c h  r e q u i r e  z o o p l a n k t o n  
f o r  fo o d .  The  e l i m i n a t i o n  o f  a t r o p h i c  l e v e l  i n c r e a s e s  t h e  am oun t  o f  
human f o o d  t h a t  c a n  b e  p r o d u c e d  p e r  vo lum e  o f  w a s t e  t r e a t e d  and  
s i m p l i f i e s  t h e  o p e r a t i o n  o f  t h e  a q u a c u l t u r e  s y s t e m .  F o r  t h e s e  
r e a s o n s ,  B i v a l v e s  h a v e  b e e n  e xa m ined  i n  s e v e r a l  w a s t e  w a t e r  
a q u a c u l t u r e  s y s t e m s ,  S e c o n d a r y  t r e a t e d  sewage  e f f l u e n t  n i x e d  w i t h
8s e a w a t e r  w a t  u s e d  t o  r a i s e  m a r i n e  p h y t o p l a n k t o n  w h i c h  was f e d  t o  
b i v a l v e s  i n  a  l a r g e  p i l o t  p r o j e c t  a t  t h e  Woods H o l e  O c e a n o g r a p h i c  
I n s t i t u t e  ( R y t h e r ,  1 9 7 6 ) .  B i v a l v e s  e v a l u a t e d  f o r  g r o w t h  i n  t h e  s y s t e m  
I n c l u d e d  C r a a i o s t r e a  v l r a l n t c a .  C f a t i o i t t e a  g j g d 6 ,  O a t r c *  e d u l l s . 
M e r c e n a r l a  m e r c e n a l r a . IAg e s  J i p g n l C f l .  M v t l l u s  a d u l l s  (Harm and  
R y t h e r ,  1 9 7 7 ) ,  a n d  A r g o p g c t e n  i r r a d l a n a  (Kann a n d  T a y l o r ,  1 9 8 1 ) .  
A n o t h e r  a q u a c u l t u r e  p r o j e c t  e x a m i n e d  t h e  u s e  o f  f i s h  p r o c e s s i n g  w a s t e  
w a t e r  t o  r a i s e  fl. e d u l l s . The w a s t e  w a t e r  was f o u n d  t o  b e  a  p o o r  f o o d
C o r  H . e d u l l s  b u t  s o n e  g r o w t h  o c c u r r e d  when I t  was  m ix e d  w i t h
p h y t o p l a n k t o n  a n d  s i l t  (M urkan ,  1 9 7 5 ) .
A l e s s  i n t e n s i v e  fo rm  o f  w a s t e  w a t e r  a q u a c u l t u r e  i s  p r a c t i c e d  i n  
T a i w a n  w h e r e  h a r d  c l a m s  (M e r c t r l x  l u s o r i a ) r a i s e d  I n  c o a s t a l  ponds
r e a c h  m a r k e t  s i z e  i n  6 - 6  m o n th s  I n s t e a d  o f  one  y e a r  when t h e  ponds  a r e
f e r t i l i z e d  w i t h  f i s h  m ea l  a n d  f i s h  s o l u b l e s  (C hen ,  1 9 6 4 ) .  W aste  w a t e r  
a q u a c u l t u r e  s c h e m e s  w i t h  b i v a l v e s  a r e  n o t  l i m i t e d  t o  e s t u a r i n e  and  
m a r i n e  e n v i r o n m e n t s ,  f r e s h w a t e r  c l a m s  ( I . e .  C o r b i c u l a  f l u m l n e a ) c a n  b e  
c u l t u r e d  a s  w e l l  ( G r e e r  a n d  Z i e b e l l , 1 9 7 2 ) .
E c onom ic  c o n s i d e r a t i o n s  make t h e  E a s t e r n  o y s t e r  C r a s s o a t r e a  
v l r g l n l c a  a n d  t h e  h a r d  c l a m  H a r c e n a r l a  m e r c e n a r l a  p r i m e  c a n d i d a t e s  f o r  
w a s t e  w a t e r  a q u a c u l t u r e .  N a t u r a l  s t o c k s  o f  b o t h  b i v a l v e  h a v e  d e c l i n e d  
d r a m a t i c a l l y  i n  r e c e n t  y e a r s  a n d  no r e v e r s a l  I n  t h e  t r e n d  I s  p r e d i c t e d  
f o r  t h e  f u t u r e  ( U . S .  D e p t ,  o f  Commerce,  1 9 7 7 ) .  The demand f o r  o y s t e r s  
l a  b e l i e v e d  t o  b e  e l a s t i c ;  t h e r e f o r e  a n  i n c r e a s e  I n  p r o d u c t i o n  m i g h t  
i n c r e a s e  t h e  m a r k e t  f o r  o y s t e r s  (H a v e n ,  e t  a l . ,  1 9 7 6 ) .  The h i g h  u n i t  
m a r k e t  v a l u e  f o r  o y s t e r s  a n d  c l a m s  s u g g e s t s  t h a t  a  r e l a t i v e l y  s m a l l  
f a c i l i t y  a n d  c o n c o m i t t a n t  i n v e s t m e n t  m i g h t  h a v e  a r e a s o n a b l e  c h a n c e  o f  
s u c c e s s  (MIT Sea  G r a n t ,  1 9 7 7 ) .
9M ic ro  o r g a n  I a n s  , r a i s e d  on b r a v e r y  v u c e i  and  s u i t a b l e  f o r  b i v a l v e  
c o n s u m p t i o n ,  c o u l d  b a  u s e d  a s  food  I n  a  b i v a l v e  h a t c h e r y .  The 
t e c h n o l o g y  f o r  r a i s i n g  b i v a l v e s  i n  a  h a t c h e r y  l a  v e i l  d e v e l o p e d  
(DuPuy ,  a t  a l . , 1977;  C e s t a g n a  an d  K r a e u t e r ,  1961;  B o l t o n ,  1 9 B 2 ) . 
B i v a l v e s  s p a w n e d  and  s e t  I n  h a t c h e r i e s  h a v e  more u n i f o r m  s i r e  a n d  
s h a p e  w h i c h  i n c r e a s e  t h e i r  m a r k e t  v a l u e ,  h a t c h e r i e s  may s e l e c t  f o r  
s t r a i n s  o f  b i v a l v e s  t h a t  e x h i b i t  g r e a t e r  g r o w th  r a t e s ,  h i g h e r  y i e l d s  
o f  e d i b l e  m e a t s ,  and  s  more e f f i c i e n t  u t i l i z a t i o n  o f  n u t r i e n t s  t h a n  
n a t u r a l  p o p u l a t i o n s .  D i s e a s e  r e s i s t a n c e  and  i m p r o v e d  f l a v o r  a r e  o t h e r  
p o s s i b l e  g e n e t i c  im p r o v e m e n ts  t h a t  m i g h t  b e  d e v e l o p e d  I n  h a t c h e r y  
r e a r e d  a n i m a l s .  A number o f  p r i v a t e l y  owned c o m m e r c i a l  h a t c h e r i e s  a r e  
d e m o n s t r a t i n g  t h a t  i t  I s  I n d e e d  a f i n a n c i a l l y  v i a b l e  b u s i n e s s .
H a t c h e r i e s  t y p i c a l l y  r a i s e  o y s t e r s  t o  a j u v e n i l e  s i z e  a n d  t h e n  
t r a n s f e r  t h em  t o  a "grow o u t "  o p e r a t i o n  o r  s e l l  t h em  t o  g r o w e r s  who 
r a i s e  them t o  m a r k e t  s i z e  o n  n a t u r a l  s e e d b e d s .  Many p a r t s  o f  a n  
e s t u a r y  w i l l  s u p p o r t  good g r o w t h  o f  o y s t e r s  b u t  do n o t  h a v e  s u f f i c i e n t  
n a t u r a l  r e c r u i t m e n t  t o  m a i n t a i n  p o p u l a t i o n s  due t o  o v a r h a r v e s t i n g ,  
p o l l u t i o n ,  o r  a  v a r i e t y  o f  e n v i r o n m e n t a l  f a c t o r s  ( c u r r e n t s ,  p o o r  
s u b s t r a t a ,  s a l i n i t y ) .  P l a n t e d  o y s t e r s  may grow w e l l  i n  e n v i r o n m e n t s  
w h e r e  n a t u r a l  s p a t f a l l  and  s u r v i v a l  o f  s p a t  i s  p o o r .  The s u r v i v a l  o f  
J u v e n i l e  o y s t e r s  p l a n t e d  o n  s e e d b e d s  I n c r e a s e s  d r a m a t i c a l l y  w i t h  s m a l l  
i n c r e a s e s  i n  s i z e .  H a t c h e r i e s ,  h o w e v e r ,  do n o t  r a i s e  o y s t e r s  b e y o n d  
t h e  a a r l y  J u v e n i l e  s t a g e  b e c a u s e  i t  b ecom es  p r o h i b i t i v e l y  e x p e n s i v e  t o  
p r o v i d e  J u v e n i l e  o y s t e r s  w i t h  t h e  l a r g e  am oun ts  o f  f o o d  w h i c h  t h e y  
r e q u i r e .  I f  b r e w e r y  w a s t e s  c a n  be u s e d  t o  p r o v i d e  a  f o o d  f o r  u s e  i n  
o y s t e r  h a t c h e r i e s ,  l a r g e  J u v e n i l e s ,  w h i c h  command b e t t e r  p r i c e s  f rom  
g r o w e r s ,  may b e  p r o d u c e d  more e c o n o m i c a l l y .  I t  may e v e n  b e  f e a s i b l e
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t o  r a i s e  l a r g e  num ber*  o f  m a r k e t  s i z e d  o y s t e r *  u n d e r  c o n t r o l l e d  
c o n d i t i o n * .
T h r e e  schem es  f o r  r e l e l n g  J u v e n i l e  b i v a l v e s  o n  b r a v e r y  w a s t e  were  
c o n s i d e r e d  I n  t h e  p r e s e n t  s t u d y .  The f i r s t  v a s  t o  r a i s e  b i v a l v e s  on 
b a c t e r i a  t h a t  were c u l t u r e d  on  b r e w e r y  w a s t e s .  The s e c o n d  was t o  
r a i s e  b i v a l v e s  on  p r o t o z o a  t h a t  w e re  c u l t u r e d  on  b r e w e r y  w a s t e s .  The 
t h i r d  v a s  t o  r a i s e  b i v a l v e s  o n  p r o t o z o a  t h a t  ware  c u l t u r e d  on  b a c t e r i a  
w h i c h  w e r e  r a i s e d  on  b r e w e r y  w a s t e s .  The  f e e d i n g  o f  b r e w e r y  w a s t e s  
d i r e c t l y  t o  b i v a l v e s  w a s  n o t  t e s t e d .
The d e s c r i p t i o n s  o f  t h e  e x p e r i m e n t s  a r e  o r g a n i z e d  i n t o  t h r e e  
p a r t s ,  S e c t i o n s  I I ,  I I I ,  and  IV,  S e c t i o n  I I  d e t a i l s  t h e  p r o p e r t i e s  
o f  b r e w e r y  w a s t e s  a n d  d e s c r i b e s  t h e  c o m p o s i t i o n  o f  B r e w e r ' s  C on d e n s e d  
S o l u b l e *  ( B C S ) , t h e  b r e w e r y  b y - p r o d u c t  w h i c h  was u s e d  f o r  t h e  
r e m a i n d e r  o f  t h e  s t u d y .  S e c t i o n  I I  a l s o  d e s c r i b e s  t h e  i s o l a t i o n  o f  
a s t u a r i n e  b a c t e r i a  c a p a b l e  o f  g r o w t h  on BCS, c h a r a c t e r i z a t i o n  o f  t h e s e  
b a c t e r i a ,  a n d  i n f o m a t I o n  on  b a c t e r i a l  g r o w t h  r a t e s  a n d  y i e l d s  when 
c u l t u r e d  o n  a  BCS medium. S e c t i o n  I I I  d e s c r i b e s  t h e  c u l t u r e  o f  
p r o t o z o a n  f l a g e l l a t e *  o n  BCS a n d  b a c t e r i a  c u l t u r e d  on  BCS. S e c t i o n  IV 
p r e s e n t *  t h e  e x p e r i m e n t *  t e s t i n g  t h e  g r o w t h  o f  o y s t e r *  a n d  c la m s  f e d  
b a c t e r i a l  a n d  p r o t o z o a n  d i e t s .  F i n a l l y  s e c t i o n  V i n t e g r a t e s  t h e  
r e s u l t s  f r o m  t h e  p r e v i o u s  s e c t i o n s  t o  d e s c r i b e  how w a s t e  w a t e r  
a q u a c u l t u r e  u s i n g  BCS w ou ld  a f f e c t  t h e  o p e r a t i o n  o f  a  b i v a l v e  
h e t c h e r y «
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SECTION II
Analysis o f  B re w e r s  Condensed  S o l u b l e s  and  Growth o f  B a c t e r i a  
INTRODUCTION
B r e w e r s  c o n d e n s e d  s o l u b l e s  (BC5) I s  a b y - p r o d u c t  o f  b r e w e r y  w a s t e  
t r e a t m e n t  p r o c e s s e s  d e s i g n e d  to  r e d u c e  t h e  BOD o f  b r e w e ry  e f f l u e n t  p r i o r  
t o  t r e a t m e n t  a t  a  c o n v e n t i o n a l  m u n i c i p a l  sewage t r e a t m e n t  p l a n t .
V l t h o u t  t h i s  p r e t r e a t m e n t , f u l l  s t r e n g t h  b r e w e ry  e f f l u e n t s  o f t e n  r e s u l t  
i n  s l u d g e  b u l k i n g  p r o b l e m s  a t  t h e  t r e a t m e n t  p l a n t  i f  I n s u f f i c i e n t  
d o m e s t i c  w a s t e s  a r e  a v a i l a b l e  f o r  d i l u t i o n .  BCS, w h ic h  i s  p r o d u c e d  by  a 
s e r i e s  o f  h i g h  t e m p e r a t u r e ,  low p r e s s u r e  e v a p o r a t o r s ,  c o n t a i n s  t h e  
n u t r i e n t s  e q u i v a l e n t  t o  a  much l a r g e r  volume o f  u n t r e a t e d  b r e w e r y  
e f f l u e n t -  W a s te  s t r e a m s  t r e a t e d  t o  p r o d u c e  BCS I n c l u d e  s p e n t  g r a i n  
l i q u o r ,  t r u b  p r e s s  l i q u o r ,  s p e n t  y e a s t ,  and  b e e r  s p i l l e d  In  p a c k a g i n g  
o p e r a t i o n s .  BCS I s  c u r r e n t l y  b e i n g  m a r k e t e d  a s  a f o o d  s u p p le m e n t  f o r  
t h e  d a i r y  c a t t l e  and  b r o i l e r  c h i c k e n  I n d u s t r i e s  I n  c o m p e t i t i o n  w i t h  
I n e x p e n s i v e  g r a i n  p r o d u c t s .
I n v e s t i g a t i o n s  o f  BCS a s  a  n u t r i e n t  s o u r c e  f o r  p r o d u c t i o n  o f  m a r i n e  
b a c t e r i a l  b i o m a s s  a r e  d e s c r i b e d  In  t h i s  s e c t i o n .  O th e r  I n d u s t r i a l  by-  
p r o d u c t s  s u c h  a s  b e e t ,  c o r n ,  and wood m o l a s s e s  have  b e e n  u s e d  
c o m m e r c i a l l y  f o r  m i c r o b i a l  b iom ass  p r o d u c t i o n .  S t u d i e s  w i t h  t h e s e  b y ­
p r o d u c t s  h a v e  d e m o n s t r a t e d  t h a t  c o n c e n t r a t i o n s  o f  p r o t e i n  a n d  
c a r b o h y d r a t e ,  pH, and  s o l i d s  c o n t e n t  c a n  i n f l u e n c e  t h e  e f f e c t i v e n e s s  o f  
t h e s e  s u b s t r a t e s  f o r  m i c r o b i a l  g r o w th  (S o b k o w is c z ,  1 9 7 2 ) .  N i t r o g e n
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c o n t e n t  a n d  t h e  C:N r a t i o  a r e  i m p o r t a n t  v a r i a b l e s  f o r  t h e  p r o d u c t i o n  o f  
m i c r o b i a l  b i o m a s s  ( L i t c h f i e l d ,  1 9 7 9 ) .  Many b y - p r o d u c t s  m u s t  b e  
s u p p l e m e n t e d  w i t h  n i t r o g e n  i n  o r d e r  t o  m a x im iz e  t h e  p r o d u c t i o n  o f  
m i c r o b i a l  b i o m a s s .  The above  m e n t i o n e d  p r o p e r t i e s  v e r a  I n v e s t i g a t e d  f o r  
BCS t o  d e t e r m i n e  I t s  s u i t a b i l i t y  a s  a  s u b s t r a t e  f o r  b a c t e r i a l  g r o w t h .
To e v a l u a t e  t h e  u s e  o f  BCS a s  a  g r o w t h  medium, b a c t e r i a  c a p a b l e  o f  
g r o w t h  on  BCS w e r e  I s o l a t e d  f rom  t h e  York  R i v e r  a n d  c h a r a c t e r i z e d . To 
i n c r e a s e  t h e  num ber  o f  i s o l a t e s ,  an e n r i c h m e n t  p r o c e d u r e  was p e r f o r m e d  
I n  M a rc h ,  May, and  A u g u s t  b e c a u s e  t h e  m i c r o b i a l  f l o r a  o f  a n  e s t u a r y  w i l l  
show l a r g e  c h a n g e s  i n  s p e c i e s  c o m p o s i t i o n  o v e r  t h i s  p e r i o d  o f  t im e  
( S l e b u r t h ,  1 9 6 7 ) .  S e l e c t e d  c h a r a c t e r i s t i c s  o f  t h e  I s o l a t e s  w e r e  
e x a m i n e d  w h i c h  w i l l  i n f l u e n c e  t h e  p r o d u c t i o n  o f  b a c t e r i a l  b i o m a s s  on 
BCS, Among t h e  c h a r a c t e r i s t i c s  w e r e  g r o w t h  r a t e ,  t y p e  o f  m e t a b o l i s m ,  
b i o m a s s  c o n v e r s i o n  r a t i o  and  y i e l d .
MATERIALS AMD METHODS 
B r e w e r s  C o n d e m e d  g p l u b l g g
BCS w a i  o b t a i n e d  from t h e  A n h e u s e r - B u s c h  b r e w e r y  i n  U i l l i a m s b u r g ,
VA. S a m p l e s  were c o l l e c t e d  i n  s t e r i l e  one  g a l l o n  c o n t a i n e r s  a n d  s t o r e d  
a t  5 °C .  BCS was c h a r a c t e r i z e d  by m e a s u r i n g  t o t a l  s o l i d s ,  s o l u b l e  
■ o l i d * ,  p r o x i m a t e  c a r b o h y d r a t e  c o n t e n t ,  a n d  t o t a l  p r o t e i n .
T h e  t o t a l  s o l i d s  c o n t e n t  o f  BCS was d e t e r m i n e d  b y  d r y i n g  t r i p l i c a t e
1 . 0  g r a n  ( w e t  w e i g h t )  s a m p le s  i n  t a r a d  a lu m in um  d r y i n g  p a n s  f o r  24 h o u r s  
a t  B0°C,  a  t e m p e r a t u r e  t h a t  m i n i m i z e d  l o s s  o f  v o l a t i l e  compounds .  To 
m e a s u r e  s o l u b l e  s o l i d s ,  200 g o f  BCS ( w e t  w e i g h t )  was  m ixed  w i t h  400 id 1 
o f  d i s t i l l e d  w a t e r  f o l l o w e d  by c e n t r i f u g a t i o n  a t  1 0 , 0 0 0  C f o r  20 
m i n u t e * .  The s u p e r n a t a n t  was f i l t e r e d  t h r o u g h  a  0 . 4 5  urn GA-6 c e l l u l o s e  
t r i a c e t a t e  membrane f i l t e r  (Celman S c i e n c e s ,  I n c . ) .  The f i l t r a t e  was 
d e s i g n a t e d  a *  b r e w e r s  c o n d e n s e d  s o l u b l e s  f i l t r a t e  (BCSF).  T en-m l  
a l i q u o t s  o f  BCSF w e re  t r a n s f e r r e d  t o  t a r e d  a lu m inum  p a n s  and  d r i e d  a t  
60°C f o r  24 h o u r s ,  c o o l e d  i n  a  d e a s i c a t o r  a n d  r e w e l g h e d .  The s u s p e n d e d  
s o l i d *  c o n t e n t  was n o t  m e a s u r e d  d i r e c t l y ,  b u t  was c a l c u l a t e d  a s  th e  
d i f f e r e n c e  b e t w e e n  t o t a l  s o l i d s  a n d  s o l u b l e  s o l i d s .
T he  p r o x i m a t e  c a r b o h y d r a t e  c o n t e n t  o f  BCS and  BCSF was d e t e r m i n e d  
b y  t h e  a n t h r o n e  r e a g e n t  m ethod  ( A l l e n ,  1 9 7 4 ) .  T o t a l  p r o t e i n  was 
d e t e r m i n e d  b y  t h e  b i u r e t  m ethod  d e s c r i b e d  I n  H e r b e r t  e t  a l ,  ( 1 9 7 1 ) .  
A b s o r b a n c e  f o r  p r o t e i n  and  c a r b o h y d r a t e  a n a l y s e s  was  d e t e r m i n e d  u s i n g  a 
S p e c t r o n i c  70 s p e c t r o p h o t o m e t e r  (B a u s c h  a n d  Lomb, R o c h e s t e r ,  N . Y . ) .
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T o t a l  o r g a n i c  c a rb o n  (TOC) c o n t e n t  o f  BCS a n d  BCSF v a s  m e a s u r e d  ott 
a  T o t a l  O r g a n ic  Carbon A n a l y z e r  (Beckman Hodel  915B) , u s i n g  t h e  a c l d -  
a p a r g e  m ethod .  Samples  w e r e  a c i d i f i e d  w i t h  1 . 0  N HCl t o  pH 2 and  
a p a r g e d  w i t h  C 0 2 * f ree  n i t r o g e n  g a t  f o r  10 m i n u t e s .  The c e r b o n  a n a l y z e r  
was c a l i b r a t e d  w i t h  a n h y d ro u s  p o t a s s i u m  b l t h e l a t e  (Model  915B O p e r a t i n g  
M a n u a l ,  Beckman, 1978) end  t h e  f u l l  s c a l e  r e a d i n g  was  a d j u s t e d  t o  e q u a l  
AO ppn ( w e i g h t / v o l u m e )  o r g a n i c  c a r b o n .  R es p o n s e  o f  t h e  model  91SB was 
l i n e a r  I n  t h e  r a n g e  o f  0 t o  AO ppm. Sam ple s  w e r e  d i l u t e d  w i t h  C O j - f r e e  
d i s t i l l e d  w a t e r  t o  y i e l d  r e a d i n g s  w i t h i n  t h e  c a l i b r a t i o n  r a n g e .  T h r e e  
AO-ul  a l i q u o t s  o f  e a c h  sam ple  were a n a l y z e d  and  t h e  r e s u l t s  a v e r a g e d .
B a c t e r i a l  i s o l a t i o n ,  g j m h ,  And i d e n t i f i c a t i o n
I n  o r d e r  t o  I s o l a t e  s t r a i n s  o f  b a c t e r i a  w h i c h  c o u l d  u s e  BCSF a s  a 
n u t r i e n t  s o u r c e ,  an  e n r i c h m e n t  medium was p r e p a r e d  w i t h  2 . 0  1 o f  
f i l t e r e d  ( 5 . 0  urn) York R i v e r  w a t e r  c o n t a i n i n g  1 . 0  g (we t  w g t )  o f  BCSF/1.  
The medium was p r e p a r e d  i n  a  F e r n b a c h  f l a s k  p l u g g e d  w i t h  a c o t t o n  
s t o p p e r .  The c u l t u r e s  were a e r a t e d  w i t h  c o m p r e s s e d  a i r  f i l t e r e d  t h r o u g h  
g l a s s  wool  v i a  a  s i n t e r e d  g l a s s  d i s c  d i f f u s e r .  E v e r y  day  f o r  a week,
1 . 0  1 o f  c u l t u r e  was removed a f t e r  v l g o r o u i  s h a k i n g  and  r e p l a c e d  w i t h
1 . 0  1 o f  s t e r i l e ,  BCSF e n r i c h e d  ( 1 . 0  g / L )  York  R i v e r  w a t e r .
On t h e  e i g h t h  day s e r i a l  d i l u t i o n s  o f  t h e  c u l t u r e  w ere  p l a t e d  o n t o  
BCSF medium, BCSF medium c o n t a i n e d  1 . 0  g BCSF, 0 . 0 1  g  f e r r i c  c i t r a t e ,  
a n d  0 . 1  g sodium g l y c e r o l  p h o s p h a t e  i n  a l i t e r  o f  s e a w a t e r .  The pH was 
a d j u s t e d  t o  7 . 6  and  t h e  s a l i n i t y  a d j u s t e d  t o  l 7 ° / o o .  P l a t e s  were 
I n c u b a t e d  a t  24°C f o r  46 h .  C o l o n i e s  w e re  I s o l a t e d  from t h e  a g a r  
s u r f a c e ,  s u s p e n d e d  i n  s t e r i l e  BCSF b r o t h  and  s t r e a k e d  o n t o  f r e s h  BCSF 
a g a r .  An e f f o r t  was made t o  s e l e c t  c o l o n i e s  w h i c h  a p p e a r e d  d i f f e r e n t .
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B a c t e r i a  w a r e  I s o l a t e d  by  t h l e  p r o c e d u r e  I n  H e r c h ,  Hey,  e n d  A u g u s t ,  
I s o l a t e s  w e re  s u b s e q u e n t l y  g rown  on BCSF a g a r  s l a n t s  a n d  I n  a  BCSF b r o t h  
and  w e r e  s u b c u l t u r e d  e v e r y  two w e e k s .
C o l o n y  c h a r a c t e r i s t i c s  w e r e  d e s c r i b e d  front  I s o l a t e s  g rown  f o r  46 b 
on BCSF a g a r  p l a t e s .  M o t i l i t y ,  i l z e ,  s h a p e ,  a n d  c e l l  a r r a n g e m e n t  w e r e  
d e s c r i b e d  from w e t  m oun ts  o f  l o g  p h a s e  (1 8  t o  24 h a f t e r  i n o c u l a t i o n )  
BCSF b r o t h  c u l t u r e s .  Log p h a s e  c e l l s  was s t a i n e d  u s i n g  t h e  H uc ke r  
m o d i f i c a t i o n  o f  t h e  Cron  s t a i n  ( D o a t s c h ,  1 9 8 1 ) .  Cram p o s i t i v e  I s o l a t e s  
were t e s t e d  f o r  c a t a l a s e  a c t i v i t y  by  p l a c i n g  one  d r o p  o f  15* 
d i r e c t l y  on  a  48  h  o l d  BCSF a g a r  c o l o n y .
T h e  c l a s s i f i c a t i o n  schem e o f  Shewan (1 9 6 3 )  was u s e d  f o r  t a x o n o m ic  
a n a l y s i s  o f  gram n e g a t i v e  I s o l a t e s .  The p r e s e n c e  o f  c y t o c h r o m e  o x i d a s e  
i n  48  h  o l d  c o l o n i e s  was d e t e r m i n e d  by  Kovacs  o x i d a s e  t e s t  (Kovacs  
1956) u s i n g  a  c o m m e r c i a l l y  p r e p a r e d  Kovacs  r e a g e n t  ( C e p t i  S e a l ,  M a r l o n  
S c i e n t i f i c ) .  G r o w th  on  g l u c o s e ,  m a l t o s e ,  f r u c t o s e ,  s u c r o s e ,  and  l a c t o s e  
was d e t e r m i n e d  u s i n g  L i e f s o n ' s  marine oxidation f e r m e n t a t i o n  (KOF) 
medium. The HOF medium was  p r e p a r e d  w i t h  1% c o n c e n t r a t i o n s  o f  t h e  
v a r i o u s  c a r b o h y d r a t e s .  C u l t u r e s  i n  l o g  g r o w t h  p h a s e  w e r e  I n o c u l a t e d
i n t o  t h e  MOF m e d i a  and  f e r m e n t a t i o n  t u b e s  were  s e a l e d  w i t h  V a s p a r .
Growth ,  c o l o r  c h a n g e s ,  a n d  g a t  p r o d u c t i o n  were  r e c o r d e d  a t  1 , 7 ,  a n d  16
day  I n t e r v a l s .  S e n s i t i v i t y  t o  c h l o r a m p h e n i c o l  ( 3 0  u g )  a n d  p e n i c i l l i n  C
(2 i . u . )  w e r e  d e t e r m i n e d  u s i n g  S e n s l - D l s c s  (BEL) o n  BCSF s p r e a d  p l a t e s  
o f  t h e  i s o l a t e s .  S e n s i t i v i t y  t o  0 / 1 2 9  p t e r i d l n e  was t e s t e d  on  t h e  same 
p l a t e  u s i n g  d i s c s  c o n t a i n i n g  400  u g  p t e r i d l n e  p e r  d i s c .  Z ones  o f  
i n h i b i t i o n  were  m e a s u r e d  a t  66 h .
The  g r o w t h  o f  f o u r t e e n  BCS i s o l a t e s  a n d  P se udom ona s  m a r i n a , a s t o c k  
i s o l a t e  f rom  t h e  VIMS B a c t e r i o l o g y  C u l t u r e  C o l l e c t i o n ,  was e x a m i n e d  I n
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b a t c h  c u l t u r e s .  Each I s o l a t e  was s u b c u l C u r e d  f rom  a BCSF a g a r  s l a n t  
I n t o  1 0 . 0  ml o f  BCSF b r o t h  £4 h  p r i o r  t o  a  g r o w th  e x p e r i m e n t .  One ml o f  
24 h o u r  b r o t h  was u s e d  t o  I n o c u l a t e  100 ml o f  s t e r i l e ,  f i l t e r e d  { 0 .2  
urn) , YRV and  0 . 1  g o f  BCSF I n  a  250 ml E r i e n n e y e r  f l a s k .  T h e  s a l i n i t y  
o f  t h e  Y ork  R i v e r  w a t e r  was  190/ o o  In  a l l  b a c t e r i a l  g r o w t h  e x p e r i m e n t s .  
F l a s k s  w e re  p l u g g e d  w i t h  c o t t o n  s t o p p e r s  and  k e p t  o n  a J u n i o r  O r b i t  
r o t a r y  s h a k e r  t a b l e  { L a b - L in e  I n s t r u m e n t  C o . ,  He1r o s e  P a r k ,  IL .  ) a t  100  
r p a  I n  a  24°C i n c u b a t o r .  A b s o r b a n c e  o f  t h e  c u l t u r e s  was m e a s u r e d  a t  660 
nm u s i n g  one cm c e l l s  a t  0 ,  4 ,  6, 12,  1 5 ,  and  24 h o u r s ,  E a c h  I s o l a t e  
was c u l t u r e d  I n  t r i p l i c a t e .  S p e c i f i c  g r o w t h  r a t e s  were  c a l c u l a t e d  f rom  
t h e  a b s o r b a n c e  r e a d i n g s  d u r i n g  t h e  e x p o n e n t i a l  p h a s e  o f  g r o w t h .  The 
l i n e a r  r e l a t i o n s h i p  b e t w e e n  a b s o r b a n c e  a n d  t i n e  w as  d e t e r m i n e d  b y  a  
l e a s t  s q u a r e s  r e g r e s s i o n  m o d e l .
The d r y  w e i g h t  c o n v e r s i o n  r a t i o  o f  BCSF t o  b a c t e r i a l  b i o m a s s  was 
d e t e r m i n e d  w i t h  a n d  w i t h o u t  t h e  a d d i t i o n  o f  s u p p l e m e n t a l  n i t r o g e n .  The 
BCSF u s e d  i n  t h e s e  e x p e r i m e n t s  h a d  a C:K r a t i o  o f  5 3 . 5 : 1 -  To l o w e r  t h i s  
r a t i o  t o  1 0 : 1  r e q u i r e d  t h e  a d d i t i o n  o f  1 6 . 1  ng o f  n i t r o g e n  p e r  g BCSF, 
w h i c h  l a  t h e  n i t r o g e n  e q u i v a l e n t  o f  76 mg ammonium s u l f a t e .
S u p p l e m e n t a l  n i t r o g e n  o f  38 ,  7 6 ,  and 152 mg o f  ammonium s u l f a t e  p e r  g 
BCSF was u s e d .
The d r y  w e i g h t  c o n v e r s i o n  r a t i o  was d e t e r m i n e d  f o r  f o u r  i s o l a t e s  
a n d  f o r  t h e  s t o c k  c u l t u r e  o f  Pseudomonas  m a r i n a . B a t c h  c u l t u r e s ,  a s  
p r e v i o u s l y  d e s c r i b e d ,  w e r e  u s e d  e x c e p t  t h e y  c o n t a i n e d  200 ml o f  b r o t h  
( 1 . 0  g BCSF/1)  I n  a  500 ml f l a s k .  Dry w e i g h t  d e t e r m i n a t i o n s  w e r e  
p e r f o r m e d  on c e l l s  h a r v e s t e d  b y  c e n t r i f u g a t i o n  ( 1 0 , 0 0 0  g f o r  2Q 
m i n u t e s ) .  H a r v e s t e d  c e l l s  w e r e  r e s u s p e n d e d  i n  a  0 .9% ( w / v )  s o l u t i o n  o f  
ammonium f o r m a t e  a n d  c e n t r i f u g e d  a  s e c o n d  t i m e .  The r e m a i n i n g  p e l l e t
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was r i m e d  w i t h  d i s t i l l e d  w a t e r  I n t o  e  t a r e d  a luminum p a n  e n d  d r i e d  f o r  
24 h  a t  9 0 °  C. Pans  w e r e  w e i g h e d  t o  t h e  n e a r e s t  0 . 1  mg. Two-way ANOVA 
was u s e d  t o  compare  t h e  e f f e c t s  o f  s u p p l e m e n t a l  n i t r o g e n  a n d  b a c t e r i a l  
I s o l a t e  on t h e  b a c t e r i a l  b i o m a s s  p r o d u c e d .  S i g n i f i c a n t  d i f f e r e n c e s  
among t h e  b a c t e r i a l  I s o l a t e s  a n d  among t h e  n i t r o g e n  s u p p l e m e n t s  were  
d e t e r m i n e d  b y  t h e  S t u d e n t - N e w m a n - K e u l s  m u l t i p l e  r a n g e  t e s t  ( Z a r ,  19 7 4 ) .
B a c t e r i a l  y i e l d s  a n d  c a r b o n  c o n v e r s i o n  r a t i o s  w e r e  c a l c u l a t e d  on 
t h e  b a s i s  o f  o r g a n i c  c a r b o n .  O r g a n i c  c a r b o n  was m e a s u r e d  a t  e a c h  
n i t r o g e n  s u p p l e m e n t  c o n c e n t r a t i o n  f o r  £ .  m a r i n a . F o r  t h e  o t h e r  f o u r  
a p e c l e s ,  o r g a n i c  c a r b o n  was m e a s u r e d  o n l y  f o r  u n s u p p l e m e n t e d  t r e a t m e n t s .  
The c o n c e n t r a t i o n  o f  o r g a n i c  c a r b o n  i n  t h e  m ed ia  was  m e a s u r e d  I n i t i a l l y  
a f t e r  i n o c u l a t i o n ,  p r i o r  t o  t h e  c e l l s  b e i n g  h a r v e s t e d ,  and  I n  t h e  m e d ia  
a f t e r  t h e  c e l l s  were  h a r v e s t e d .  R e s p i r e d  o r g a n i c  c a r b o n  was  c o n s i d e r e d  
t o  b e  t h e  d i f f e r e n c e  b e t w e e n  t h e  i n i t i a l  o r g a n i c  c a r b o n  c o n t e n t  and  t h e  
o r g a n i c  c a r b o n  c o n t e n t  p r i o r  t o  c e n t r i f u g a t i o n .  S t e r i l e  f l a s k s  w i t h  
BCSF w e r e  u s e d  t o  c o r r e c t  f o r  t h e  l o s s  o f  v o l a t i l e  c o n s t i t u e n t s  I n  t h e  
BCSF. B a c t e r i a l  b l o a a s s  was c a l c u l a t e d  a s  t h e  d i f f e r e n c e  b e t w e e n  t h e  
o r g a n i c  c a r b o n  m e a s u r e m e n t  p r i o r  t o  c e n t r i f u g a t i o n  a n d  a f t e r  
c e n t r i f u g a t i o n .  Carbon  c o n v e r s i o n  r a t i o s  (mg/g)  w e r e  c a l c u l a t e d  by 
d i v i d i n g  t h e  b a c t e r i a l  b i o m a s s  b y  t h e  I n i t i a l  am o u n t  o f  o r g a n i c  c a r b o n  
a d d e d  t o  e a c h  f l a s k  ( 0 . 1 9 8  g ) . B a c t e r i a l  y i e l d s  w e r e  c a l c u l a t e d  by 
d i v i d i n g  t h e  b a c t e r i a l  b i o m a s s  b y  t h e  sum o f  t h e  b i o m a s s  p l u s  t h e  
r e s p i r e d  o r g a n i c  c a r b o n  a n d  m u l t i p l y i n g  b y  100 .  C a r b o n  c o n v e r s i o n  
e f f i c i e n c i e s  a n d  y i e l d s  o f  t h e  b a c t e r i a l  I s o l a t e s  w e r e  c o m p a r e d  by  o n e ­
way ANOVA. S i g n i f i c a n t  d i f f e r e n c e s  were  d e t e r m i n e d  b y  t h e  S t u d e n t  - 
Hewman-Keuls  m u l t i p l e  r a n g e  t e s t .
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RESULTS
K t V t V t  C o n d e n s e d  S o l u b l e s
BCS l a  composed  p r i m a r i l y  o f  s o l u b l e  s o l i d s ,  w h ic h  a c c o u n t e d  f o r  
91 .4% t o  9 6 . 6 1  o f  t h e  t o t a l  s o l i d s  I n  t h e  s i x  s a m p l e s  w h i c h  were 
a n a l y z e d  ( T a b l e  I I . 1 ) .  The t o t a l  s o l i d s  c o n t e n t  o f  t h e  s i x  BCS s a m p le s  
a v e r a g e d  558 m g /g ,  w h i l e  t h e  s o l u b l e  s o l i d s  a v e r a g e d  528 m g /g  and  
s u s p e n d e d  s o l i d s  a v e r a g e d  29 m g /g .  C a r b o h y d r a t e  was t h e  p r e d o m i n a n t  
s o l i d s  c o m p o n e n t  I n  b o t h  BCS a n d  BCSF a c c o u n t i n g  f o r  7 2 , B% (406 mg/g )  
a n d  74.4% ( 3 9 3  m g /g )  o f  t h e  s o l i d s  ( T a b l e  I I . 2 ) .  P r o t e i n  r e p r e s e n t e d  
8.6% ( 4 8  m g /g )  o f  t h e  s o l i d s  i n  BCS and  3.3% ( 2 7 . 8  mg/g)  I n  BCSF. 
P r o t e i n  and  c a r b o h y d r a t e  c o n t e n t s  o f  t h e  s u s p e n d e d  s o l i d s  w e r e  assumed  
t o  b e  t h e  d i f f e r e n c e  b e t w e e n  t h e  BCS a n d  BCSF v a l u e s .
The  r e l a t i v e  a b u n d a n c e s  o f  t h e  n u t r i e n t s  I n  BCSF were  e x p r e s s e d  as  
r a t i o s  o f  c a r b o h y d r a t e : p r o t e l n ,  C:N,  a n d  TOC;N ( T a b l e  1 1 , 3 ) .  The C:N 
r a t i o  was  d e r i v e d  f rom  t h e  m e a s u r e d  q u a n t i t i e s  o f  c a r b o h y d r a t e  and  
p r o t e i n  i n  T a b l e  1 1 , 2 .  T o t a l  q u a n t i t y  o f  c a r b o n  was c a l c u l a t e d  a s  t h e  
t h e o r e t i c a l  sum o f  c a r b o h y d r a t e  p l u s  p r o t e i n  c a r b o n .  T h e o r e t i c a l  c a r b o n  
c o n t e n t  was  c a l c u l a t e d  a s  f o l l o w s :  c a r b o h y d r a t e  a s  40% o f  t h e  d r y  w e i g h t  
u s i n g  t h e  f o r m u l a  f o r  c a r b o h y d r a t e ;  p r o t e i n  a s  27.8% o f  t h e  d r y
w e i g h t  b a s e d  on  t h e  f o r m u l a  ^ i g ^ 2 4 ^ 5 ^ 4 '  T h e o r e t i c a l  n i t r o g e n  c o n t e n t  
was 19.1% o f  t h e  d r y  w e i g h t .  R a t i o s  o f  TOC:N w e r e  c a l c u l a t e d  from t h e  
m e a s u r e d  TOC v a l u e s  a n d  t h e  p e r c e n t a g e  o f  n i t r o g e n  I n  p r o t e i n .  The 
q u a n t i t y  o f  c a r b o n  a c c o u n t e d  f o r  I n  c a r b o h y d r a t e  a n d  p r o t e i n  was 
c o m p a r e d  w i t h  t h e  m e a s u r e d  TOC I n  co lum n f i v e .
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Table  1 1 . 1
T o t a l ,  S o l u b l e ,  and  Suspended  S o l i d s  In  S i x  Samples  o f  BCS
s a m p le t o t a l
s o l i d s
s o l u b l e
s o l i d s
( » g / g )
s u s p en d e d
s o l i d s
p e r c e n t
s o l u b l e
s o l i d s
1 674 600 24 9 6 .2
2 574 533 41 9 2 . B
3 502 485 17 9 6 . 6
4 537 514 23 9 5 ,7
5 568 543 25 9 5 .6
6 545 498 47 9 1 .4
mean 55B 528 29 94 .  7
s t a n d a r d
d e v i a t i o n
41 40 11 2 . 1
2 4
T a b l e  I I . 2
P r o x i m a t e  A n a l y s i s  o f  S i x  S a m p le s  o f  BCS and  BCSF
s a m p l e  c a r b o h y d r a t e  p r o t e i n  t o t a l  o r g a n i c  c a r b o n
f=B/E> (“ 6 / g )  <mg/S>
BCS BCSF BCS BCSF BCS BCSF
1 4 3 0 424
CMhJw 4 0 . 2 265 251
2 413 393 5 2 .2 3 0 . 4 223 216
3 336 347 3 9 . 1 2 0 . 8 199 192
4 402 384 4 2 . 4 2 1 , 1 213 204
5 635 447 5 2 . 8 3 4 .8 236 224
6 383 362 3 7 . 1 1 9 . 4 213 198
mean 606 393 6 8 . 0 2 7 . 8 225 214
s t a n d a r d
d e v i a t i o n
35 38 1 0 , 3 8 . 6 23 22
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T a b l e  I I . 3
R a t i o s  o f  C a r b o h y d r a t e ; P r o t e i n ,  C:N, 
TOC:K, and C:TOC I n  S i x  Samples  o f  BCSF
s a m p l e c a r b o h y d r a t e :p r o t e i n C:N TOC :H C;T0C (6)
1 1 0 . 5 2 4 . 8 32 .7 7 6 .0
2 1 2 .9 2 9 .8 37 ,2 80 .2
3 1 6 . 7 3 7 .7 4B.3 77 .9
4 I S .  2 4 0 . 9 5 0 .6 80 .7
3 12 .  S 2 9 .6 33,7 8 6 .0
6 1 6 .6 4 1 . 8 5 3 .4 78 .3
mean 1 4 . 9 3 4 .1 4 2 . 6 80.2
s t a n d a r d
d e v i a t i o n
3 . 3 6 , 9 9 . 1 4 .2
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B a c t e r i a
F o u r t e e n  i s o l a t e s  r e p r e s e n t i n g  n i n e  g e n e r a  o f  b a c t e r i a  w e r e  
o b t a i n e d  f rom  t h r e e  BCS e n r i c h m e n t  c u l t u r e s  ( T a b l e  1 1 , 4 ) ,  C o l o n y  
c h a r a c t e r l e t l e a  a n d  c e l l u l a r  m o r p h o l o g y  o f  t h e s e  i s o l a t e s  a r e  l i s t e d  I n  
A p p e n d i x  l ,  b i o c h e m i c a l  c h a r a c t e r i s t i c s  a r e  l i s t e d  I n  T a b l e  1 1 . 4 .  Only 
two g e n e r a ,  A l c a l l a e n e s  (3  i s o l a t e s )  a n d  F l a v o b a c t e r  (2  I s o l a t e s ) ,  were 
f o u n d  i n  e n r i c h m e n t s  made I n  more t h a n  one  mon th  ( T a b l e  1 1 . 5 ) ,  F o u r  
g e n e r a , A e r o m o n a s . A l c a l l g e n e s . F l a v o b a c t e r  a n d  P s e u d o m o n a s  11 w e r e  
r e p r e s e n t e d  b y  m o r e  t h a n  o n e  I s o l a t e .  O t h e r  b a c t e r i a l  i s o l a t e s  may have 
b e e n  p r e s e n t  i n  t h e  e n r i c h m e n t  c u l t u r e  s i n c e  o n l y  n o t i c e a b l y  d i f f e r e n t  
c o l o n i e s  w e r e  i s o l a t e d  f rom  e a c h  a g a r  p l a t e .  Of t h e s e  c o l o n i e s ,  on ly  
Chose r e a d i l y  e u b c u l t u r e d  w e r e  i d e n t i f i e d .  The  f o u r  t o  s i x  I s o l a t e s  
f rom e a c h  e n r i c h m e n t  c u l t u r e  w e r e  n o t  a l l  p r e s e n t  i n  e q u a l  a b u n d a n c e .  
U s u a l l y  one  o r  two  c o l o n y  t y p e s  p r e d o m i n a t e d  on a  BCSF p l a t e .  The 
r e m a i n d e r  w e r e  r a r e  b u t  w e r e  I s o l a t e d  I f  t h e y  h a d  a n  u n u s u a l  
c h a r a c t e r i s t i c  w h i c h  made t h e n  s t a n d  o u t ,  s u c h  a s  p i g m e n t a t i o n  o r  sh«pe 
o f  m a r g i n .
A l l  I s o l a t e s  w e r e  c a p a b l e  o f  g r o w t h  o n  m a l t o s e  a n d  s u c r o s e , t h e  
m a j o r  d i a a c c h a r i d e a  I n  BCS, a s  w e l l  a s  on g l u c o s e  ( T a b l e  1 1 . 6 ) ,  a n d  *11 
b u t  o n e  I s o l a t e  ( 3 0 1 3 )  w e re  a b l e  t o  g row  o n  f r u c t o s e .  F o u r  o f  t h e  
f o u r t e e n  I s o l a t e s  w e r e  u n a b l e  t o  g row  o n  l a c t o s e .  T e n  o f  t h e  i s o l a t e s ,  
c o m p r i s i n g  f i v e  g e n e r a ,  e x h i b i t e d  o n l y  o x i d a t i v e  m e t a b o l i s m  I n  t h e i r  
g r o w t h  o n  t h e  c a r b o h y d r a t e s  e x a m i n e d .  The  r e m a i n i n g  f o u r  i s o l a t e s  
e x h i b i t e d  f e r m e n t a t i v e  m e t a b o l i s m  a n d  w e re  a b l e  t o  u t i l i z e  a l l  f i v e  
c a r b o h y d r a t e s  t e s t e d .  V i b r i o  (B124)  a n d  Aerom onas  ( £ 1 2 1 ,  S 1 2 3 ) ,  t h e  
I d e n t i f i e d  f e r m e n t a t i v e  g e n e r a ,  w e re  b o t h  i s o l a t e d  i n  A u g u s t  ( T a b l e
27
T a b l e  1 1 . 4
A s s i g n e d  T axa  o f  BCS Crown I s o l a c e s  B a se d  On S e l e c t e d  C h a r a c t e r i s t i c s
i s o l a t e t a x o n Gram Kovacs  c a c a l a s e  F e n l c i l -  C h lo ram -  P t e r i d l n e
s t a i n  o x i d a s e  l i n ( G )  p h e n l c o l  400 ug
2 1 .u ,  30 u g
3231 A l c a l I r e n e s
3233 P s e u d o m o n a s  
g r o u p  IV
3234 Paeudo iBonas 
g r o u p  2
3235 P a e u 4 f f p o n a s  
g r o u p  I I
3236 F l a v o b a c t e r
5012 u n i d e n t i f i e d  
r o d
5013  H l c r o c o c c u a
5015 F l a v o b a c t e r
8121 A e r o m o n a s
8122 A c l n e  t o b a c  t e  r
8123 A e r o m o n a s
8124  V i b r i o
8125  M c a L U t n e s
8126 A l c a l l g e n e s
4
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
4
4
4
4
+
+
+
+
+
4
4
4
4
4
+
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T a b l e  1 1 .5
D o m i n a n t  M a r i n e  B a c t e r i a  I s o l a t e d  from E n r i c h m e n t  C u l t u r e s  
I n  M a rc h ,  May, a n d  Augus t  o f  1982
T a x o n o m i c  C r o u p
Month
March May Augus t
A c I n o t o b a c t e x 1
A e r o m o n a s 2
A l c a l i a e n e s 1 2
F l a v o b a c t e r 1 1
P s e u d o m o n a s  I I 2
P s e u d o m o n a s  IV 1
M i c r o c o c c u s 1
V i b r i o 1
Gram p o s i t i v e  b a c i l l i 1
t o t a l  I s o l a t e s 5 3 6
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T a b le  1 1 .6
U t i l i z a t i o n  o f  G l u c o s e ,  K a l t o s e ,  F r u c t o s e ,  S u c r o s e ,  and  L a c t o s e  I n  
HOF Medium b y  F o u r t e e n  B a c t e r i a l  S t r a i n s  C a p a b l e  o f  Growth  on BCSF
I s o l a t e g l u c o s e m a l t o s e f r u c t o s e s u c r o s e l a c t o s e
3231 0 D 0 0 0
3233 0 0 0 0 0
3234 0 0 0 0 -
3235 0 0 0 0 -
3236 0 0 0 0 0
5012 F F F F F
5013 0 0 - 0 *
SOI 5 0 D 0 0 0
S121 F F F F F
0122 O 0 0 0 0
8123 F F F F F
0124 F F F F F
0125 0 0 0 0 0
0126 0 0 0 o -
Key; 0  -  o x i d a t i v e ,  F -  f e r m e n t a t i v e ,  ( - )  -  no r e a c t i o n
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I I . 5 ) .  An u n i d e n t i f i e d  g ram  p o s i t i v e  r o d  ( 5 0 1 2 ) ,  I s o l a t e d  I n  Hay.  was 
t h e  f o u r t h  f e r m e n t a t i v e  I s o l a t e .  A l l  March I s o l a t e s  w e re  o x i d a t i v e .
S p e c i f i c  g r o w t h  r a t e s  o f  t h e  I s o l a t e s  on  BCSF medium ( T a b l e  1 1 .7 }  
r a n g e d  f r o m  0 . 4 8  h ’ * f o r  P seudom onas  id . ( 3 2 3 4 )  t o  0 . 1 1  h  f o r  a n o t h e r  
I s o l a t e  o f  Pseudomonas  ( 3 2 3 5 ) .  The f a s t  g r o w i n g  I s o l a t e s  g e n e r a l l y  
r e m a i n e d  I n  e x p o n e n t i a l  p h a s e  f o r  s h o r t e r  I n t e r v a l s  t h a n  s l o w  g r o w i n g  
I s o l a t e s .  Pseudom onas  id . ( 3 3 3 4 ) , £ .  m a r i n a , a n d  A c l n e t o b a c t e r  £ £ .  
( 8 1 2 2 ) ,  t h e  f i r s t ,  s e c o n d ,  a n d  f o u r t h  f a s t e s t  g r o w i n g  I s o l a t e s  r e m a i n e d  
I n  e x p o n e n t i a l  p h a s e  a b o u t  s i x  h o u r s .  The s l o w e s t  g r o w i n g  i s o l a t e ,  
F< B p jo H|Ona^ s p . ( 3 2 3 4 )  h a d  a n  e x p o n e n t i a l  g r o w t h  p h a s e  l a s t i n g  18 h o u r s  
a s  d i d  Aerom onas  s p .  ( 8 1 2 1 ) ,  a l s o  a c l o w  g r o w i n g  I s o l a t e .  M e a s u r a b l e  
t u r b i d i t y  was n o t  r e c o r d e d  w i t h  t h e s e  I s o l a t e s  a t  s i x  h o u r s  a s  o c c u r r e d  
w i t h  a l l  o t h e r  I s o l a t e s .  M l c r o c o c c u s  s o . ( 5 0 1 3 )  r e m a i n e d  i n  e x p o n e n t i a l  
p h a s e  f o r  a t  l e a s t  21 h o u r s ,  t h e  l o n g e s t  i n t e r v a l  o f  a n y  i s o l a t e .  H o s t  
I s o l a t e s  r e m a i n e d  i n  e x p o n e n t i a l  p h a s e  f o r  15 h .
No o b v i o u s  r e l a t i o n s h i p  b e t w e e n  s p e c i f i c  g r o w t h  r a t e  o f  an i s o l a t e  
a n d  t h e  mon th  I n  w h ic h  i t  was  I s o l a t e d  was o b s e r v e d  ( T a b l e  1 1 . 5 ) .  The 
h i g h e s t  a n d  l o w e s t  g r o w t h  r a t e s  w e r e  b o t h  r e c o r d e d  w i t h  M arch  I s o l a t e s  
a n d  t h e  s e c o n d  h i g h e s t  a n d  s e c o n d  l o w e s t  w ere  r e c o r d e d  w i t h  A u g u s t  
I s o l a t e s .  The f e r m e n t a t i v e  I s o l a t e s  a s  a  g r o u p  d i d  n o t  d i f f e r  i n  g r o w t h  
r a t e s  f rom  t h a  o x i d a t i v e  i s o l a t e s .  One Aeromonas  i s o l a t e  (8123 )  h a d  a  
r e l a t i v e l y  h i g h  s p e c i f i c  g r o w t h  r a t e  y e t  t h e  V i b r i o  ( 8 1 2 4 )  i s o l a t e  a n d  
t h e  u n i d e n t i f i e d  gram p o s i t i v e  r o d  ( S 0 1 2 )  w e r e  among t h e  s l o w e s t  
g r o w e r s .
T h e  d r y  w e i g h t  c o n v e r s i o n  r a t i o  was d e t e r m i n e d  f o r  f i v e  i s o l a t e s  
g r o w n  on  BCSF ( T a b l e  I I , 6 a ) .  T h r e e  i s o l a t e s  were  c h o s e n  b e c a u s e  t h e y  
h a d  t h e  h i g h e s t  s p e c i f i c  g r o w t h  r a t e s  r e c o r d e d ,  Pseudom onas  s p , ( 3 2 3 4 ) ,
31
G ro w th  K a t e s  o f  B a c t e r i a l  I s o l a t e s  C u l t u r e d  on BCSF
I s o l a t e  c n o n  s p e c i f i c  d o u b l i n g  c o r r e l a t i o n  I n t e r v a l  o f
g r o w t h  r a t e  t i m e  c o e f f i c i e n t  e x p o n e n t i a l
( h 1 )
p h a s e
(h )
3231 A l c a l i a a n e s ,169 4 , 1 .970 3 - 15
3233 Pseudomonas 
group  4
.169 4 . 0 9 .968 3 - 15
3234 Pseudomonas 1 
group 2
,4 76 1 .4 5 .996 3 - 9
3235 Pseudomonas  2 
group  2
. 109 6 . 3 5 .929 6 - 24
3236 F l a v o b a o t e r .126 5 . 5 0 .989 3 - 15
5012 u n i d e n t i f i e d
rod
.155 4 . 4 6 .965 3 - 12
5013 M i c r o c o c c u s .206 3 . 3 6 .969 3 - 24
5015 F l a v o b a t t e r .168 4 , 1 1 .968 3 - 12
am Aeromonas .157 4 , 4 1 .996 6 - 24
8122 A c i n a t o h a c t e r .363 1 .9 1 .991 3 * 9
8123 Aeromonas ,365 1 . 9 0 .993 3 * 12
8124 V i b r i o ,136 5 . 0 6 .934 3 - 15
8125 A l c a l l e e n e s  1 .236 2 . 9 1 .9 74 3 * 12
8126 A l c a l i a a n e s  2 .185 3 . 7 4 .923 3 - 15
Pseudomona 
a p r l n a
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Tabl# I l . f la
E f f e c t *  o f  S u p p l e m e n t a l  N i t r o g e n  on  B a c t e r i a l  Biomac* a n d  Dry 
V e l g h t  C o n v e r s i o n  R a t i o  o f  F i v e  B a c t e r i a l  I s o l a t e s  C u l t u r e d  on BCSF
I s o l a t e n i t r o g e n
s u p p le m e n t
(mg NH S 0 , / 1 >  
(mean ±  SD)
b a c t e r i a l
b i o m a s s
( n g / 1 )
d r y  w e i g h t  
c o n v e r s i o n  r a t i o
(m g /g  BCSF)
pseudomonas 0 45 ±  10 90
a a r l o a 38 63 + 7 . 3 127
76 58 ±  10 116
152 50 ±  12 101
P o a u d o n o n u 0 27 +  5 .5 5 3 .6
MM 38 34 ±  6 . 6 6 8 . 9
76 35 ±  4 . 9 7 0 .9
152 31 ±  7 .4 6 1 . 6
f l i c r o c o c c u s 0 24 ±  2 . 5 4 7 . 4
£ £ 38 25 + 4 . 0 5 0 .2
76 26 ±  4 . 2 5 1 . 5
152 21 ±  3 . 5 4 1 . 4
^ e r o n o n a s 0 31 + 8 . 7 6 2 . 2
IB - 38 44 + 7 . 9 8 8 . 3
76 40 + 5 . 5 8 0 . 9
152 42 + 9 . 4 8 3 . 6
F l a v o b a c t e r 0 39 ±  4 . 0 7 8 . 9
Afi- 38 47 + 5 , 5 9 5 . 0
76 54 ±  8 . 9 108
152 41 ±  5 . 6 81 .6
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Z-  p a t i n a  (VIKS s t o c k  I s o l a t e ) ,  a n d  Aeromonas  i p .  ( 8 1 2 3 ) .  Two o t h e r  
I s o l a t e s  w a r e  c h o s e n  b e c a u s e  t h e y  h a d  c h a r a c t e r i s t i c s  common t o  many 
o t h e r  g e n e r a  o f  m a r i n e  b a c t e r i a ,  w h i c h  m i g h t  i n f l u e n c e  t h e i r  u t i l i t y  f o r  
m a r l c u l t u r e .  M f c r o c o c c u a  sp . ( 5 0 1 3 )  was  e x a m i n e d  b e c a u s e  I t  l a  a gram 
p o s i t i v e  c o c c u s  a n d  F l a v o b a c t e r  u> .  b e c a u s e  I t  i s  a p i g m e n t e d  fo rm .
B a c t e r i a l  b i o m a s s , m e a s u r e d  a s  d r y  w e i g h t ,  w as  d e t e r m i n e d  f o l l o w i n g  
s u p p l e m e n t a t i o n  w i t h  0 ,  38,  76 and  152 mg/1 o f  ammonium s u l f a t e  ( T a b l e
1 1 . 8 a ) .  Two-way f a c t o r i a l  a n a l y s i s  o f  v a r i a n c e  ( T a b l e  I I . f i b )  i n d i c a t e d  
t h a t  b o t h  b a c t e r i a l  s p e c i e s  a n d  ammonium s u l f a t e  s u p p l e m e n t  
s i g n i f i c a n t l y  a f f e c t e d  b a c t e r i a l  d r y  w e i g h t  ( p < . 0 l ) .  T h e r e  was  no 
s i g n i f i c a n t  i n t e r a c t i o n  ( p < .0 5 >  b e t w e e n  b a c t e r i a l  s p e c i e s  a n d  ammonium 
s u l f a t e  s u p p l e m e n t s  on  b i o m a s s .  L a r g e s t  b a c t e r i a l  b i o m a s s ,  a v e r a g e d  
o v e r  a l l  n i t r o g e n  l e v e l s ,  was o b t a i n e d  w i t h  Pse u d o m o n a s  m a r i n a  (54 mg/1 )  
f o l l o w e d  b y  F l a v o b a c t e r  g p .  ( 4 5 . 2  m g / 1 ) ,  Aeromonas  g p .  ( 3 9 . 2  m g / 1 ) ,  
P s e u d o m o n a s  u -  ( 3 1 . 8 / 1 ) ,  a n d  M i c r o c o c c u s  g p ,  ( 2 4 . 2  m g / 1 ) .  R e s u l t s  o f  
t h e  S t u d e n t - N e w m a n - K e u l a  m u l t i p l e  r a n g e  t e s t  ( Z a r ,  1984)  i n d i c a t e d  t h a t  
F l a v o b a c t e r  s o . a n d  Aeromonas  sp . w are  n o t  s i g n i f i c a n t l y  d i f f e r e n t  
( p —0 . 0 5 )  f r o m  e a c h  o t h e r  I n  r e g a r d  t o  b i o m a s s  b u t  a l l  o t h e r  s p e c i e s  were  
s i g n i f i c a n t l y  d i f f e r e n t .  £ ,  m a r i n a  h a d  t h e  l a r g e s t  b i o m a s s  a t  a l l  
l e v e l s  o f  ammonium s u l f a t e  a n d  M i c r o c o c c u s  gg -  a l w a y s  h a d  t h e  s m a l l e s t .  
F l a v o b a c t e r  s p . h a d  t h e  s e c o n d  l a r g e s t  b i o m a s s  a t  t h r e e  o f  t h e  f o u r  
ammonium s u l f a t e  l e v e l s .
T h e  g r e a t e s t  b a c t e r i a l  b i o m a s s  when a v e r a g e d  o v e r  a l l  b a c t e r i a l  
s p e c i e s  w a s  o b t a i n e d  w i t h  38 mg/1 o f  ammonium s u l f a t e  ( 4 2 . 8  mg/1 d r y  
w e i g h t ) ,  f o l l o w e d  b y  76 mg/1 ( 4 2 . 4  m g/1  d r y  w e i g h t ) ,  152 mg/1 ( 3 6 . 8  mg/1 
d r y  w e i g h t ) ,  a n d  0 m g/1  ( 3 3 . 1  m g/1  d r y  w e i g h t ) .  M u l t i p l e  c o m p a r i s o n s  
p e r f o r m e d  b y  t h e  S t u d e n t - H e w m a n - K e u l s  t e a t  i n d i c a t e d  t h a t  t h e  0 mg/1
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T ab le  1 1 .6 b
Two-way AUOVA C o u p e r i n s  t h e  E f f e c t *  o f  S u p p l e m e n t a l  N i t r o g e n  
a n d  B a c t e r i a l  I s o l a t e  on t h e  B a c t e r i a l  B iom ass
S o u r c e  o f  v a r i a n c e  Sun o f  S q u a r e s d . f . Kean s q u a r e F r a t i o P
b a c t e r i a l  i s o l a t e  6 . 6 1 9 . 1 6 1 6 5 4 .7 3 1 .  99 < . 0 0 1
n i t r o g e n  s u p p l e m e n t  990 .7 3 330.  2 6.  38 < . 0 0 1
i n t e r a c t i o n  4 6 4 .5 12 3 6 . 7 . 74 .697
r e s i d u a l  2 , 0 6 8 . 6 40 5 1 . 7
t o t a l  1 0 . 1 4 2 . 9 59 1 7 1 . 9
S t u d e n t - N e w n s n - K e i i l s  t e s t  f o r  s i g n i f i c a n t  d i f f e r e n c e s  among b a c t e r i a l  
i s o l a t e s .  B a r s  u n d e r l i n e  e q u a l  u e a n s  ( a l p h a  - 0 . 0 5 )
£• JDB£ina> F l a v o b f l c t e r  ■p.>PseudomonaB g j j . >  Pseudom onas  i £  > H i c r o c o c c u a
S tude n t -N e w m a n> K *u la  t e a t  f o r  s i g n i f i c a n t  d i f f e r e n c e s  among n i t r o g e n  l e v e l s .  
Bar*  u n d e r l i n e  a q u a l  u e a n s  ( a l p h a  — 0 . 0 5 )
36 mg/1 >  76 n g / 1  >  152 n g / 1  > 0 mg/1
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l e v e l  o f  u n o n l u u  s u l f a t e  v n  s l g n l f i c a n t l y  d i f f e r e n t  ( p - . O S )  f r o m  t h e  
o t h e r  t h r e e  l e v e l s  o f  ammonium s u l f a t e  b u t  t h a t  n o  s i g n i f i c a n t  
d i f f e r e n c e *  e x i s t e d  among t h e  o t h e r  t h r e e  l e v e l s .  B a c t e r i a l  
c o n c e n t r a t i o n s  w e r e  l o w e s t  f o r  f o u r  o f  t h e  f i v e  s p e c i e s  when no  ammonium 
s u l f a t e  was a d d e d .  A l t h o u g h  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t ,  b a c t e r i a l  
b i o m a s s  d e c r e a s e d  a t  t h e  h i g h e s t  l e v e l  o f  ammonium s u l f a t e .  I n  f o u r  o f  
t h e  f i v e  s p e c i e * ,  t h e  b a c t e r i a l  b i o m a s s  a t  152 m g /1  ammonium s u l f a t e  was 
l e s s  t h a n  t h e  b i o m a s s  a t  3B a n d  76 m g / 1 ■ K l c r o c o c c u s  s p . ,  h o w e v e r ,  h a d  
i t s  l o w e s t  o v e r a l l  c o n c e n t r a t i o n  w i t h  152  mg/1 o f  ammonium s u l f a t e  a n d  
i t s  s e c o n d  l o w e s t  d r y  w e i g h t  when no  ammonium s u l f a t e  was  a d d e d .
C a r b o n  c o n v e r s i o n  r a t i o s  f o r  t h e  f i v e  b a c t e r i a l  s p e c i e s  ( T a b l e  
11 ,9 }  showed  a  t r e n d  s i m i l a r  t o  t h a t  f o r  b a c t e r i a l  d r y  w e i g h t s .  £ .  
m a r i n a . a g a i n  h a d  t h e  h i g h e s t  c a r b o n  c o n v e r s i o n  r a t i o ,  f o l l o w e d  b y  
F l a v o b a c t e r  ftp. , A e rom oa a s  gf l .  , EsfMdompnifl  fi£> > ■«<* M l c r o c o c c u s  £ £ .  
S i n g l e  f a c t o r  a n a l y s i s  o f  v a r i a n c e  I n d i c a t e d  t h a t  b a c t e r i a l  s p e c i e s  h a d  
a s i g n i f i c a n t  e f f e c t  u p o n  c a r b o n  c o n v e r s i o n  r a t i o *  ( p C . Q l ) .  M u l t i p l e  
c o m p a r i s o n s  p e r f o r m e d  by  t h e  S t u d e n t - N e w m a n -K e u la  t e s t  ( p - . Q 5 )  i n d i c a t e d  
t h a t  £■ m a r i n a  was s i g n i f i c a n t l y  d i f f e r e n t  f rom  a l l  o t h e r  s p e c i e *  a n d  
t h a t  F l a v o b a c t e r  * p . was s i g n i f i c a n t l y  d i f f e r e n t  f rom  H l c r o c o c c u s  s p .
No s i g n i f i c a n t  d i f f e r e n c e s  e x i s t e d  among Aeromonas  f p . .  P s e u d o m o n a s  £ p . , 
and  H i c r o e t i c c u s  s o . B a c t e r i a l  s p e c i e s  h a d  a s m a l l ,  b u t  s t i l l  
s i g n i f i c a n t  (p—. 0 1 4 )  e f f e c t  u p o n  y i e l d .  The S t u d e n t - N e w m a n - K e u l s  t e s t  
r e v e a l e d  s i g n i f i c a n t  d i f f e r e n c e s  ( p - . 0 5 )  o n l y  b e t w e e n  t h e  h i g h e s t  (£ .  
m a r i n a ) a n d  l o w e s t  fM l c r o e o c c u s  s p . )  y i e l d s .  The r a n k  o r d e r  o f  t h e  
i n t e r m e d i a t e  s p e c i e s  w n  d i f f e r e n t  f rom  t h a t  b a s e d  on  c a r b o n  c o n v e r s i o n  
r a t i o s .
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T a b le  1 1 .9
C a r b o n  C o n v e r s i o n  R a t i o s  a n d  Y i e l d s  o f  FLva B a c t e r i a l  
I s o l a t e s  C u l t u r e d  on  BCSF W i t h o u t  S u p p l e m e n t a l  N i t r o g e n
l a o l a c e  c a r b o n  c o n v e r s i o n  y i e l d
e f f i c i e n c y  ( p e r c e n t a g e )
( “ 6 Cc e l l s / g  S c S F *
P se u d o m o n a s  m a r i n a 146 + 1 8 . 7 2 7 . 4  + 3 . 5
P s e u d o m o n a s  s o . 6 0 . 4 ± 1 . 7 2 3 . 7  ± 3 . 2
M l c r o c o c c u s  s o . 6 7 . 5 ± 7 , 9 1 6 . 8  i 3 . 6
A e r o n o n a s  s o . 102 ± 2 2 . 5 2 2 , 7  ± 2 . 6
F l a v o b a c t e r  s p . 113 t 1 0 . 6 2 0 . 5  ± 1 , 5
One - way AMOVA o f  t h e  e f f e c t  o f  b a c t e r i a l  I s o l a t e  u p o n  c a r b o n  c o n v e r s i o n  
r a t i o
S o u r c e  o f  v a r i a t i o n  Sun o f  s q u a r e s  d . f .  Mean s q u a r e  F r a t i o  P
b e t w e e n  t r e a t m e n t s  4 3 8 . 0  4 1 0 9 . 5  1 0 ,4 3 9  .0014
w i t h i n  t r e a t n e n t s  1 0 4 . 9  10 1 0 . 4
S t u d e n t - N e w m a n - K e u l e  t e s t  f o r  s i g n i f i c a n t  d i f f e r e n c e s  among b a c t e r i a l  
I s o l a t e s .  B a r s  u n d e r l i n e  e q u a l  means ( a l p h a  -  0 . 0 5 )
£ •  a a r l n f l >  F l a v o b a c t e r  *£■> A o r o i m a g  « . >  Pseudomonas  i £ . >  M lc r o c a c c u s  S2
O ne-way  AMOVA o f  t h e  e f f e c t  o f  b a c t e r i a l  i s o l a t e  u p o n  y i e l d
S o u r c e  o f  v a r i a t i o n  Sum o f  s q u a r e s  d . f .  Mean s q u a r e  F r a t i o  F
b e t w e e n  t r e a t m e n t s  .0 1 8 5  4 .0 0 4 6  5 .347  .0145
w i t h i n  t r e a t m e n t s  .0 0 8 7  10 ,0 0 0 9
S t u d e n t* N e w jn a n - K a u l s  t e s t  f o r  s i g n i f i c a n t  d i f f e r e n c e s  among b a c t e r i a l  
i s o l a t e s .  B a r s  u n d e r l i n e  e q u a l  means ( a l p h a  -  0 . 0 5 )
£■ a a r l n a > F a e u d o n o n a a  M2 >  A e r o n o n a s  > F l a v o b a t t e J  l f i - >  M U m P C C U S
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S u p p l e m e n t a l  n i t r o g e n  h a d  a  s i g n i f i c a n t  e f f e c t  ( p < . 0 5 )  u p o n  t h e  
c a r b o n  c o n v e r s i o n  r a t i o  o f  £ .  m a r i n a  s i m i l a r  t o  I t s  e f f e c t  u p o n  
b a c t e r i a l  d r y  w e i g h t  ( T a b l e  1 1 . 1 0 ) ,  b u t  t h e  e f f e c t  w a s  l e a a  p r o n o u n c e d  
f o r  c a r b o n  c o n v e r s i o n  r a t i o s .  The  g r e a t e s t  c a r b o n  c o n v e r s i o n  r a t i o  
o c c u r r e d  w i t h  3& n g / 1  o f  ammonium a u l f a t e  f o l l o w e d  b y  76 m g / 1 ,  152 m g / 1 , 
a n d  0 n g / 1 .  T r e a t m e n t  e f f e c t s ,  h o w e v e r ,  c o u l d  b e  d i s t i n g u i s h e d  o n l y  
b e tw e e n  38 m g/1  a n d  0  n g / 1 ,  u s i n g  t h e  S t u d e n t - N e v m a n - K e u l s  t e s t .  I n  t h e  
c a s e  o f  d r y  w e i g h t ,  a l l  a m o u n t s  o f  n i t r o g e n  a d d i t i o n  w e r e  s i g n i f i c a n t l y  
d i f f e r e n t  f r o m  no n i t r o g e n  a d d i t i o n .  A n a l y s i s  o f  v a r i a n c e  I n d i c a t e d  no  
s i g n i f i c a n t  d i f f e r e n c e s  among t h e  y i e l d s  o f  £ .  m a r i n a  a t  a n y  l e v e l  o f  
n i t r o g e n .  Y i e l d s  r a n g e d  f ro m  27 .6% f o r  n o  n i t r o g e n  a d d i t i o n  t o  38.5% 
w i t h  3B m g / 1 .
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T a b l e  1 1 . 1 0
E f f e c t  o f  S u p p l e m e n t a l  N i t r o g e n  on  C arbon  
C o n v e r s i o n  R a t i o *  a n d  Y i e l d  o f  Faeudomona* m a r i n e
n i t r o g e n  a u p p l a m e n t  
(mg
c a r b o n  c o n v e r s i o n  
r a t i o
^“ g Cc e l l ^ g C5BCS*
y i e l d
( p e r c e n t a g e )
0 166 + 1 8 . 7 2 7 . 6  + 3 . 5
36 203 + 2 0 . 7 3 8 , 5  + 2 , 5
76 199 + 2 8 . 2 3 5 . 8  + 5 . 6
152 158 + 2 0 . 8 3 1 . 2  + 6 . 7
O ne-w ay  ANOVA o f  t h e  
r a t i o
e f f e c t  o f  s u p p l e m e n t a l  n i t r o g e n  upon  c a r b o n  c o n v e r s i o n
S o u r c e  o f  v a r i a t i o n  
b e t w e e n  t r e a t m e n t s  
w i t h i n  t r e a t m e n t s
Sum o f  S q u a r e *  d . f .  
2 5 7 . 6  3 
1 3 8 . 0  6
Mean s q u a r e
8 5 . 8
1 7 . 2
F  r a t i o  
6 . 9 7 7
F
.0309
S t u d e n t - N e w m a n - K e u l *  t e s t  f o r  s i g n i f i c a n c e  among n i t r o g e n  l e v e l s .  B a r s  
u n d e r l i n e  e q u a l  m e a n s .
36 m g / 1  > 76 m g /1  > 152 mg/1  > 0 mg/1
O ne -w a y  ANOVA o f  t h e  a f f e c t  o f  s u p p l e m e n t a l  n i t r o g e n  u p o n  y i e l d
S o u r c e  o f  v a r i a t i o n  
b e t w e e n  t r e a t m e n t s  
w i t h i n  t r e a t m e n t *
Sum o f  S q u a r e s  d . f .  
0 . 0 2 2 0  3 
0 . 0 1 6 6  8
Mean s q u a r e
0 . 0 0 7 3
0 . 0 0 1 8
F r a t i o
6 . 0 0 4
P
.0 5 1 *
* n o t  ■ ig n  I f l e a n t  a t  a l p h a  -  0 . 0 5
DISCUSSION
As t h e  name " b r e w e r s  c o n d e n s e d  s o l u b l e * "  (BCS) s u g g e s t s , t h e  
n u t r i e n t s  i n  BCS w e r e  p r i m a r i l y  d i s s o l v e d  (94.7% s o l u b l e  s o l L d s ) . S ince  
no  a t t e m p t  was  made t o  c o r r e c t  f o r  s o l u b l e  s o l i d s  r em a in in g  In  t h e  
p a c k e d  c e n t r i f u g e  p e l l e t ,  94.7% I s  an  u n d e r e s t i m a t e .  The l i q u i d  
f r a c t i o n  o f  BCS i s  p r i m a r i l y  w a t e r  b u t  may c o n t a i n  em ai l  amounts  o f  
e t h a n o l  s i n c e  s p i l l e d  b e e r  i s  p a r t  o f  t h e  w a s t e  i t  r e  am used t o  make BCS. 
i n  a n  a n a l y s i s  o f  t w e l v e  BCS sam ples  f rom t h e  A nheuse r  Busch b r e w e ry  In 
M e r r i m a c k ,  MA, S a b r e e  e t  a l . (1982)  found  t h a t  s o l u b l e  s o l i d s  a c c o u n t e d
f o r  93% o f  t h e  t o t a l  s o l i d s .  U s i n g  a h i g h  d r y i n g  t e m p e r a t u r e  (100°C) ,  
t h e y  f o u n d  t h e  t o t a l  s o l i d s  c o n t e n t  t o  b# 441 .  A low d r y in g  t e m p e r a t u r e
( 8 0 ° C )  was  c h o s e n  I n  t h i s  s t u d y  to  m in im iz e  l o s s  o f  v o l a t i l e  s o l i d s  and 
t o  p r e v e n t  c h a r r i n g .
S e b r e e  e t  a l .  ( 1 9 8 2 )  f o u n d  t h a t  BCS c o n t a i n e d  on a d r y  w e i g h t  
b a s i s  ( d b ) ,  75% c a r b o h y d r a t e  (by t h e  p h e n o l  s u l f u r i c  a c i d  method)  and  9% 
( d b )  p r o t e i n  ( c a l c u l a t e d  f r o m  t h e  K j e l d a h l  n i t r o g e n  v a l u e ) .  I n  t h i s  
s t u d y ,  t h e  c a r b o h y d r a t e  c o n t e n t  was 72.8% (db)  and  t h e  p r o t e i n  c o n t e n t  
was 8.6% ( d b ) .  H ow ever ,  s u s p e n d e d  s o l i d s ,  which  a c c o u n t e d  f o r  on ly  5.3% 
o f  t h e  d r y  w e i g h t ,  we re  f o u n d  t o  c o n t a i n  42.1% o f  t h e  t o t a l  p r o t e i n  i n  
t h e  BCS. S u s p e n d e d  s o l i d s  a r e  t h e r e f o r e  35% (db)  p r o t e i n .  fiCSF had a 
c o r r e s p o n d i n g l y  s m a l l  p r o t e i n  c o n t e n t  o f  5.3% ( d b ) .
The c a r b o n  c o n t e n t  o f  t h e  c a r b o h y d r a t e  and p r o t e i n  a v e r a g e d  on ly  
80% o f  t h e  m e a s u r e d  TOC. The TOC (42.  B mg/g)  n o t  a c c o u n t e d  f o r  may
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r e p r e s e n t  i n  p a r t  o t h e r  o r g a n i c  compounds s u c h  e f  e t h a n o l ,  l i p i d s ,  and  
complex  p o l y s a c c h a r i d e s . I n  t h e i r  a n a l y s i s  o f  BCS. S e b r e e  e t  a l . (1982)  
f o u n d  t h a t  BCS c o n t a i n e d  1,4% ( d b )  f a t  and  2% (db)  c r u d e  f i b r e .  T h e s e  
t o g e t h e r ,  I f  e n t i r e l y  I n  t h e  BCSF f r a c t i o n  would be u n l i k e l y  to  
c o n t r i b u t e  t o g e t h e r  more t h a n  11 m g/g  o f  TOC, b a a e d  on  t h e  p e r c e n t a g e  of  
c a r b o n  I n  l i p i d  (75%) a n d  f i b r e  (60%).  S e b r e e  a t  a l .  (19fl2) r e p o r t e d  
t h e  f o l l o w i n g  p e r c e n t a g e !  o f  t h e  v a r l o u i  c a r b o h y d r a t e  components  ( t o t a l  
d r y  w e i g h t ) :  d e x t r o s e  6 1 ,  n a l t o e e  32%, ■ a l t o t r l o s e  32%, and  l a r g e  
m a l t o d e x t r i n *  27%. L a r g e  a a l t o d e x t r l n a  nay  b e  e i g n l f I c a n t l y  
u n d e r e s t i m a t e d  by  t h e  e n t h r o n e  m e th o d  ( H e r b e r t  e t  a l . 1971) b u t  wou ld  
• t i l l  b* q u a n t i f i e d  by  t h e  TOC a n a l y z e r .
The d i s c r e p a n c y  b e t w e e n  t h e  m ea s u red  TOC and  a e t l n a t e d  o r g a n i c  
c a r b o n  1* r e f l e c t e d  I n  t h e  C:N r a t i o s , C:N r a t i o *  c a l c u l a t e d  f rom  t h e  
TOC a e a e u r e m e n t a  a v e r a g e d  25% g r e a t e r  t h a n  t h o s e  c a l c u l a t e d  f r o a  t h e  
a * t i m e t e d  p e r c e n t a g e  c a r b o n  i n  c a r b o h y d r a t e  and  p r o t e i n .  I n  t h i s  s t u d y ,  
TOC;H r a t i o s  w e r e  u s e d  t o  c a l c u l a t e  t h e  amount  o f  s u p p l e m e n t a r y  n i t r o g e n  
r e q u i r e d  f o r  maximal  b i o m a s s  p r o d u c t i o n  from BCSF. These  were b e l i e v e d  
t o  more a c c u r a t e l y  r e f l e c t  t h e  r e l a t i o n s h i p  o f  c a r b o n  and  n i t r o g e n  t h a n  
c a l c u l a t e d  v a l u e *  b a s e d  on  c a r b o h y d r a t e s  a n d  p r o t e i n .
I n d u s t r i a l  b y * p r o d u c t s  s i m i l a r  t o  BCS which h a v e  b e e n  u s e d  
e x t e n s i v e l y  a s  n u t r i e n t  s o u r c e s  f o r  m i c r o b i a l  b io m a s s  p r o d u c t i o n  i n c l u d e  
b e e t ,  c o m ,  and  wood m o l a s s e s .  The c o m p o s i t i o n  o f  t h e s e  b y - p r o d u c t s  ha s  
b e e n  s um m ar ized  by  R i v i e r e  ( 1 9 7 5 ) ,  B ee t  m o l a s s e s  h a s  a  h i g h e r  s o l i d s  
c o n t e n t  ( 6 5 , 5  wt  %) t h a n  BCS. T o t a l  c a r b o h y d r a t e s ,  h o w e v e r ,  a r e  a 
s m a l l e r  f r a c t i o n  o f  t h e  t o t a l  s o l i d s  (52% db)  and n i t r o g e n o u s  compounds 
a r e  a  l a r g e r  p o r t i o n  (13% db)  t h a n  I n  BCS. C a r b o h y d r a t e s  i n  b e e t  
m o l a s s e s  a r e  a l m o s t  e n t i r e l y  In  t h e  form o f  s u c r o s e .  Cane m o l a s s e s  
c o n t a i n s  62% s u g a r  (32% s u c r o s e ,  14% g l u c o s e ,  and 161 f r u c t o s e )  b u t  l e s s
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o r g a n i c  n i t r o g e n  t h e n  b e e t  m o l a s s e s , Wood m o l a s s e s ,  a  b y - p r o d u c t  o f  t h e  
p u l p  p a p e r  i n d u e t r y ,  c o n t a i n s  50 t o  62 wt  I  s o l i d s  and  l e  4 8 .5  t o  51.5% 
(wt  t )  c a r b o h y d r a t e s .  Hexosos c o m p r i s e  65 t o  65% o f  t h e  c a r b o h y d r a t e s ;  
t h e  r e m a i n d e r  a r e  p e n t o s e s ,  The n i t r o g e n  c o n t e n t  o f  wood m o l a s s e s  I s  
o n l y  0 . 0 6 5  wt  I ,  w h ic h  i s  c o n s i d e r a b l y  lower t h a n  t h a t  o f  BCS, BCS i s  
s i m i l a r  t o  o t h e r  o r g a n i c  b y p r o d u c t s  I n  t o t a l  s o l i d s ,  c a r b o h y d r a t e ,  and  
p r o t e i n  c o n t e n t .  I t  d i f f e r s  m a i n l y  i n  I t s  c a r b o h y d r a t e  c o m p o s i t i o n  
w h ic h  l e  m a i n l y  m a l t o s e ,  m a l t o t r l o s e ,  and l a r g e  m a l t o d e x t r l n s  ( S e b r e e  e t  
a l ,  1 9 6 2 ) .
The n i t r o g e n  c o n t e n t  o f  BCSF l a  l e s s  a n d  t h e  C:N r a t i o  i s  g r e a t e r  
t h a n  t h o s e  f o u n d  i n  w a s t e s  o f  o t h e r  food and b e v e r a g e  p r o c e s s i n g  
i n d u s t r i e s .  BCSF h a s  a  p r o t e i n  c o n t e n t  o f  2 7 . 8  mg/g o r  5.3% db and  i t s  
TOC;I) r a t i o  l a  4 2 . 6 .  T om l inson  (1976)  r e p o r t e d  o r g a n i c  c a r b o n : n i t r o g e n  
r a t i o s  f o r  o t h e r  f o o d  I n d u s t r y  w a s t e s  u s e d  i n  a s t u d y  o f  s i n g l e  c e l l  
p r o t e i n  (SCP) O O oduc t ion :  b r e w e ry ,  3 0 . 6 ;  d i s t i l l e r y ,  1 3 . 0 ;  b e e t  s u g a r  
p r o c e s s i n g ,  1 6 , 6 ;  c a n n i n g ,  3 4 ,6 ;  a n d  p o t a t o  p r o c e s s i n g ,  1 4 .1 .  Brewery 
w a s t e s  i n  g e n e r a l  a r e  d e f i c i e n t  i n  n i t r o g e n .  B e cause  o f  t h e i r  
c o r r e s p o n d i n g l y  h i g h  C:N r a t i o s  t h e y  have  b e e n  u s e d  a s  c a r b o n  s o u r c e s  
f o r  t h e  d e n i t r i f i c a t i o n  o f  d o m e s t i c  e f f l u e n t s  ( W i l so n  end  Newton,  1973) .  
C e l l u l o s i c  a g r i c u l t u r a l  w a s t e s  w i t h  much h i g h e r  C;N r a t i o s  t h a n  BCS, 
h a v e  b e e n  u s e d  s u c c e s s f u l l y  f o r  SCP p r o d u c t i o n  a f t e r  t h e  a d d i t i o n  o f  
s u p p l e m e n t a l  n i t r o g e n  (R ockw e l l ,  1 9 7 6 ) .  Wheat  s t r a w  i s  0 . 3 - 0 . 5 1  N w i t h  
a  C:N r a t i o  o f  1 2 6 -150 ,  o a t  s t r a w  h a s  a N c o n t e n t  o f  1.1% and a C:N 
r a t i o  o f  4 8 ,  and  s a w d u s t  i s  0.1% N w i t h  a CiN r a t i o  o f  200-500  ( G o l u e k e , 
1 9 7 7 ) .
S i n c e  t h e  o b j e c t i v e  o f  t h i s  s t u d y  r e q u i r e d  t h e  i s o l a t i o n  o f  
s t r a i n s  o f  b a c t e r i a  c a p a b l e  o f  g r o w t h  on BCSF, e n r i c h m e n t  c u l t u r e s  were
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e m p l o y e d  w i t h  BCSF a s  t h e  c o l e  added c a r b o n  s o u r c e .  I f  t h e s e  b a c t e r i a  
• r e  t o  b e  u s e d  f o r  a s t u a r i n e  s e r i c u l t u r e ,  t h e y  m us t  a l s o  be c a p a b l e  o f  
g r o w t h  u n d e r  e s t u a r i n e  c o n d i t i o n * .  Y o r k  R i v e r  v e t e r ,  t h e r e f o r e ,  wes 
u s e d  e *  * n  I n o c u l u m  end t h e  e e l l n l t y  o f  t h e  c u l t u r e *  wee  k e p t  e t  2£>°/oo. 
BCSF a u b s t r e t e  c o n c e n t r a t i o n  wee 1 . 0  g / 1 ,  w h i c h  l a  c o n s i d e r a b l y  lower  
t h e n  t h e  20 t o  40 g / 1  t y p i c a l l y  u s e d  I n  e n r i c h m e n t  m e d i a  f o r  t h e  
■ e l e c t i o n  o f  c h e m o o r g a n o t r o p h *  (Valdkamp,  1 9 7 0 ) .  At  t h l e  l o w e r  
s u b s t r a t e  c o n c e n t r a t i o n ,  t h e  n a t u r a l  b u f f e r i n g  c a p a c i t y  o f  York  R i v e r  
w a t e r  was s u f f i c i e n t  to  m a i n t a i n  pH i n  t h e  r a n g e  o f  6 . 7  t o  7 . 8 .  H ighe r  
s u b s t r a t e  c o n c e n t r a t i o n s  w o u l d  r e q u i r e  s u b s t a n t i a l  b u f f e r i n g  t o  
n e u t r a l i z e  t h e  r e s u l t i n g  h i g h  l e v e l s  o f  o r g a n i c  a c i d s .
B a t c h  c u l t u r e s  s e l e c t  f o r  o p p o r t u n i s t i c  s p e c i e s  a d a p t e d  f o r  g rowth  
a t  h i g h  n u t r i e n t  c o n c e n t r a t i o n s  and w i t h  low s u b s t r a t e  s p e c i f i c i t y  
( J a n n a s c h ,  1 9 6 7 ) .  These  c h a r a c t e r i s t i c s ,  how ever  a r e  d e s i r a b l e  f o r  a 
w a s t e w a t e r  a a r l c u l t u r e  s y s t e m ,  where t h e  o b j e c t i v e  i s  t o  max imize  
p r o d u c t i o n  o f  b a c t e r i a l  b i o m a s s .
The I n i t i a l  s u b s t r a t e  c o n c e n t r a t i o n  i n  b a t c h  c u l t u r e s ,  w h i c h  i s  i n  
g r e a t  e x c e s s ,  s e l e c t s  f o r  s t r a i n *  w i t h  a h i g h  maximum s p e c i f i c  g ro w th  
r a t e  ( J a n n a s c h ,  1 9 6 7 ) .  I n  t h e  p e l a g i c  m a r i n e  e n v i r o n m e n t ,  w h i c h  I s  
c o n s i d e r e d  n u t r i e n t  U n i t e d ,  b a c t e r i a  m os t  i m p o r t a n t  i n  n u t r i e n t  c y c l i n g  
■ a y  b e  t h o s e  w h i c h  a r e  a b l e  t o  u t i l i z e  low s u b s t r a t e  c o n c e n t r a t i o n s  end 
w h i c h  h a v e  low maximum g r o w t h  r a t e s .  H o s t  m a r i n e  b a c t e r i a  h a v e  g ro w th  
c h a r a c t e r i s t i c s  u n s u i t a b l e  f o r  w a s te  w a t e r  m a r i c u l t u r e .  These  
e n r i c h m e n t  c u l t u r e s  s e l e c t e d  f o r  s p e c i e s  w i t h  h i g h  maximum s p e c i f i c  
g r o w t h  r a t e s .  The i s o l a t e s  o b t a i n e d  do n o t  have  g r o w t h  and  u p t a k e  r a t e s  
r e p r e s e n t a t i v e  o f  t y p i c a l  m a r i n e  b a c t e r i a l  f l o r a .
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B a t c h  c u l t u r e s  a l s o  s e l e c t  f o r  a u x o t r o p h s  ( P a r k e s ,  1 9 8 2 ) .  Growth 
f a c t o r s  a r e  r e l e a s e d  i n t o  t h e  c u l t u r a l  medium by  l y s i s  o f  c e l l s  I n  t h e  
o r i g i n a l  Inoculum a n d  I n  t h e  e a r l y  s t a g e s  o f  t h e  g r o w t h  c u r v e .  B a c t e r i a  
which a r e  f a v o r e d  b y  t h e s e  g r o w t h  f a c t o r s  may d o m i n a t e  t h e  c u l t u r e .
These b a c t e r i a l  s t r a i n s  w i l l  n o t  grow w e l l  when i n o c u l a t e d  I n t o  s i m i l a r  
media  l a c k i n g  t h e  a d d e d  g r o w t h  f a c t o r s .  BCSF i s  a  r i c h  s o u r c e  o f  
v i t a m i n s  and  g r o w t h  f a c t o r s  e v e n  w i t h o u t  t h e  a d d i t i o n  o f  c e l l  l y s i s  b y ­
p r o d u c t s ,  I t s  v i t a m i n  c o n t e n t  l a  s i m i l a r  t o  t h a t  o f  m a l t  e x t r a c t  w h ich  
l a  u s e d  t o  s u p p l e m e n t  e n r i c h m e n t  c u l t u r e s  ( B r i d e o n  a n d  B r e c k e r ,  19 7 0 ) .  
The i s o l a t e s  o b t a i n e d  from e n r i c h m e n t  c u l t u r e  w e re  n o t  t e s t e d  f o r  
a u x o t r o p h i c  r e q u i r e m e n t s ,  b u t  I f  t h e s e  do e x i s t ,  t h e i r  n e e d s  s h o u l d  be 
a d e q u a t e l y  mat by  BCSF.
I d e n t i f i e d  b a c t e r i a l  I s o l a t e s  a l l  b e l o n g e d  t o  g e n e r a  e x h i b i t i n g  
c h e m o o r g a n o t r o p h i c  n u t r i t i o n  and  a r e  c a p a b l e  o f  g r o w t h  on  a  w i d e  v a r i e t y  
o f  o r g a n i c  compounds .  A l l  i s o l a t e s  w e re  c a p a b l e  o f  g r o w t h  on  m a l t o s e  
and s u c r o s e , t h e  m a j o r  c o n s i t u e n t s  o f  BCSF. The a b i l i t y  t o  u t i l i z e  
m a l t o s e  a n d  s u c r o s e  I s  w i d e s p r e a d  among t h e  I s o l a t e d  g e n e r a .  The 
e n r i c h m e n t  c u l t u r e s  w e re  a l l  s t r o n g l y  a e r a t e d ,  s o  i t  i s  n o t  s u r p r i s i n g  
t h a t  m o s t  I s o l a t e s  u t i l i z e d  t h e s e  c a r b o h y d r a t e s  by  o x i d a t i v e  
r e s p i r a t i o n .  Tan I s o l a t e s  b e l o n g e d  t o  g e n e r a  w i t h  s t r i c t l y  a e r o b i c  
m e t a b o l i s m  and t h e  r e m a i n i n g  f o u r  I s o l a t e s  a r e  f a c u l t a t i v e  a n a e r o b e s .
T h e  s i x  g e n e r a  o f  gram n e g a t i v e  b a c t e r i a  i s o l a t e d  on BCS medium 
a r e  a l l  common i n  t h e  C h e a s p e ak a  Bay and  a d j a c e n t  c o a s t a l  w a t e r s .  I n  a 
b a c t e r i o l o g i c a l  s t u d y  o f  t h e  u p p e r  C h e s a p e ak e  Bay,  L o v e l a c e  e t  a l .
( 1965 )  f o u n d  569 o f  t h e  i s o l a t e s  t o  b e  V i b r i o , l f l l  t o  b e  P s e u d o m o n a s . 
and 6% t o  be  f T a v o b a c t e r . Cook and  Goldman (1976)  made 54 i s o l a t e s  f rom 
t h e  u p p e r  C h e s a p e ak e  Bay and f o u n d  37% t o  be V i b r i o . 15% t o  b e
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A l c a l l e e n e s . 7 .4% t o  bo A c l n e t o b a c t s r . and  5 .6 1  t o  be  f se u d o i n o n a s . 
A u s t i n  e t  a l .  ( 1 9 7 9 )  s a m p le d  t h e  l o w e r  C h e s a p e ak e  Bay o f f  Cape C h a r l e s  
and  a l s o  found  V i b r i o  t o  be  n u m e r i c a l l y  d o m in a n t ;  o u t  o f  BO I s o l a t e s ,  34 
were  V i b r i o . Pseudomonas (11  i s o l a t e s )  and  A c l n e t o b a c t e r  (3  i s o l a t e s )  
were a l s o  do m in a n t  t a x a .  I n  a s t u d y  o f  t h e  K i d d l e  A t l a n t i c  c o n t i n e n t a l  
s h e l f ,  K a t o r  (1 9 7 7 )  s a m p le d  t h e  s u r f a c e  m i c r o l a y e r ,  s u r f a c e  w a t e r ,  
b o t t o m  w a t e r ,  a n d  s e d i m e n t s  d u r i n g  f o u r  s e a s o n s .  Pseudomonas d om ina ted  
i n  t h e  s u r f a c e  w a t e r s  d u r i n g  a l l  s e a s o n s  w i t h  F l a v o b a c t e r  t h e  s e c o n d  
m ost  f r e q u e n t  t a x o n .  The t h i r d  m os t  f r e q u e n t  genus  was A^gfl^ l ge n e s  o r  
V i b r i o  d e p e n d in g  on  t h e  s e a s o n .  When t h e  e n t i r e  w a t e r  co lumn and 
s e d i m e n t s  were c o n s i d e r e d ,  F l a v o b a c t e r  was t h e  m os t  f r e q u e n t l y  I s o l a t e d  
genu*  a n d  Pseudomonas o r  A l c a l I g e n e s  was s e c o n d a r y  i n  t o t a l  number  o f  
I s o l a t e s .  The s i x t h  m os t  p r e v a l e n t  g e n u s  was Aerompnas w h ic h  h a s  n o t  
b e e n  r e p o r t e d  a s  commonly a s  t h e  o t h e r  g e n e r a  a l t h o u g h  i t  was i s o l a t e d  
by Cook and  Goldman (1976)  and  A u s t i n  e t  a l .  ( 1 9 7 9 ) ,
On ly  2 o f  15 I s o l a t e s  were  gram p o s i t i v e ;  gram p o s i t i v e  b a c t e r i a  
u s u a l l y  r e p r e s e n t  l e a s  t h a n  15% o f  I s o l a t e s  f rom  t h e  w a t e r  co lumn o f  
e s c u a r l n e  and  c o a s t a l  w a t e r s .  S lmldu  and  A l s o  (1962)  e xam ined  475 
i s o l a t e s  f rom Kamogawa Bay a n d  f o u n d  t h a t  6% were  g r a m * p o s i t i v e ,
S l e b u r t h  (1967)  f o u n d  t h e  a v e r a g e  o c c u r r e n c e  o f  g r a m - p o s i t i v e  I s o l a t e s  
I n  m i d - N a r r a g a n s e t t  Bay t o  b e  2.6%. H u r c h e l a n o  and  Brown (1970)  found  
o n l y  0.5% o f  t h e i r  649 I s o l a t e s  f rom  Long I s l a n d  Sound t o  be  gram 
p o s i t i v e .
A wide r a n g e  o f  s p e c i f i c  g r o w th  r a t e s  were  e x h i b i t e d  by  b a c t e r i a  
I s o l a t e d  i n  t h i s  s t u d y .  H o s t  o f  t h e  b a c t e r i a  d i d  n o t  h a v e  e x c e p t i o n a l l y  
h i g h  g r o w t h  r a t e s .  S e l e c t i o n  f o r  many o t h e r  f a c t o r *  b e s i d e s  h i g h  
s p e c i f i c  g rowth  r a t e s  may h a v e  o c c u r r e d  i n  t h e  e n r i c h m e n t  c u l t u r e s .
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P r e d a t i o n  a v o i d a n c e  m e c h a n i s m s ,  a b i l i t y  t o  c o l o n i s e  v e s s e l  v a i l s ,  and  
a b i l i t y  t o  w i t h s t a n d  h i g h  c o n c e n t r a t i o n s  o f  tall l y e  La b y - p r o d u c t !  a r e  
o t h e r  p o s s i b i l i t i e s . I t  l a  especially d i f f i c u l t  t o  p r e d i c t  s e l e c t i o n  
p r e s s u r e s  when t h e  s u b s t r a t e  i s  a  c o u p le *  m i x t u r e  s u c h  a s  BCSF.
A l t h o u g h  a l l  I s o l a t e s  v e r e  shown t o  have t h e  a b i l i t y  t o  g r o v  on g l u c o s e ,  
m a l t o s e ,  a n d  s u c r o s e ,  t h e i r  r e l a t i v e  a b i l i t i e s  t o  d e g r a d e  a n d  grow on 
s o r e  complex  p o l y s a c h a r l d e s  may b e  I m p o r t a n t  i n  d e t e r m i n i n g  t h e i r  
c o m p e t i t i v e  a b i l i t i e s .  Some i s o l a t e s  may a l s o  have  b e e n  s e l e c t e d  
b e c a u s e  t h e y  a r e  a b l e  t o  g r o v  on m e t a b o l i c  b y - p r o d u c t s  o f  o t h e r  species.
F a s t  g r o w i n g  i s o l a t e s  ( u > 0 . 3  h " ^ )  h a d  s p e c i f i c  g r o w t h  r a t e s  
s i m i l a r  t o  maximum v a l u e s  r e p o r t e d  f o r  b a c t e r i a  grown a e r o b i c a l l y  on 
e a s i l y  d e g r a d e d  s u b s t r a t e s .  S i n c e  h i g h  s p e c i f i c  g r o w t h  r a t e s  o c c u r  on 
e a s i l y  d e g r a d e d  s u b s t r a t e s  (C r a d y  and  Lim, I 9 6 0 ) ,  a t  l e a s t  some 
c o m p o n e n t s  o f  t h e  BCSF m us t  b e  e a s i l y  d e g r a d e d .  M a l t o s e  a n d  s u c r o s e  a r e  
o b v i o u s  e x a m p l e s .  S u b s t a n c e s  t o x i c  t o  b a c t e r i a  mus t  l i k e w i s e  b e  a b s e n t  
f r o m  BCSF . Growth  r a t e s  o f  0 . 3  t o  0 . 4  h  * a r e  c l o s e  t o  t h e  maximum f o r  
many b a c t e r i a l  s p e c i e s  when grown a t  20°C o n  a  wide  v a r i e t y  o f  e a s i l y  
a s s i m i l a t e d  s u b s t r a t e s  (Mohr a n d  K r a v i e c , 1 9 6 0 ;  R s t k o u s k y  e t  a l . , 19B3) 
Maximum s p e c i f i c  g r o w t h  r a t e s  f o r  mixed  c u l t u r e s  o f  b a c t e r i a  grown w i t h  
g l u c o s e  a s  t h e  s o l e  c a r b o n  s o u r c e  a r e  t y p i c a l l y  i n  t h e  r a n g e  o f  0 . 3  t o  
0 . 4  h " 1 ( F i e l  and  Gaudy ,  1970;  Muck and G r a d y ,  19 7 4 ) .  G row th  r a t e s  on  
l a c t o s e  r a n g e  f rom  0 . 2  t o  0 . 5 3  h ^ ,  on s u c r o s e  from 0 . 2 8  t o  0 , 5 5  h 
a n d  o n  a c e t i c  a c i d  f rom  0 . 2 9  t o  0 . 3 6  h * ( P i e l  and  Gaudy ,  1 9 7 1 ) ,  Pure 
c u l t u r e s  o f  b a c t e r i a  f r o m  s e w a g e ,  when c u l t u r e d  I n  a r i c h  n u t r i e n t  b r o t h  
s u p p l e m e n t e d  w i t h  s u c r o s e  a t  25°C,  had  s p e c i f i c  g r o w th  r a t e s  o f  0 .5 9 7  
h ' V E n t e r o b a c t e r  b p .). O . S G B h ' 1 ( A l c f l l j g e n e s  a p . K  0 . 3 3 3
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h ^ (F aeudom onas  g £ . )  a n d  0 . 2 5 2  h * 1 ( B r e v l b a c t e r l u m  g p .  ) (Las  t e r  e t  a l . , 
1 9 7 9 ) .  B a c t e r i a l  g r o w t h  r a t e  i *  h i g h l y  d e p e n d e n t  on  t e m p e r a t u r e  and  
many h i g h  g r o w t h  r a t e s  r e p o r t e d  w e re  m e a s u r e d  a t  h i g h e r  t e m p e r a t u r e s  
t h a n  u s e d  i n  t h i s  s t u d y ,
H o s t  s i n g l e  c e l l  b i o m a s s  p r o d u c t i o n  s t u d i e s  w i t h  w a s t e s  s i m i l a r  t o  
BCSF h a v e  i n v o l v e d  f u n g i  r a t h e r  t h a n  b a c t e r i a .  S p e c i f i c  g r o w t h  r a t e s  
f o r  f u n g i  a t e  o f t e n  l e s s  t h a n  t h a t  r e p o r t e d  f o r  t h e  f a s t e s t  g r o w i n g  
b a c t e r i a .  However ,  i n  s t u d i e s  I n  w h ic h  e n v i r o n m e n t a l  f a c t o r s  f o r  f u n g a l  
g r o w t h  were o p t i m i z e d  ( t e m p e r a t u r e ,  n u t r i e n t  c o n c e n t r a t i o n ,  o x y g e n  l e v e l  
and pH ) ,  s p e c i f i c  g r o w t h  r a t e s  w ere  c o m p a r a b l e  t o  t h o s e  f o r  b a c t e r i a .
B a n f e ra l11 ua n l g e r  b a t c h  c u l t u r e d  on  b r e w e r y  s p e n t  g r a i n  l i q u o r e ,  t h e  
m a j o r  com ponent  o f  BCSF, had  a  s p e c i f i c  g r o w t h  r a t e  o f  0 . 0 1 6  b _ 1 (Hang e t  
a l . .  1 9 7 5 ) .  C e o t r l c h m n  c a nd ldum .  C a n d id a  k r u s e l , and  H a n s e n u l a  a n o m a la  
c u l t u r e d  t o g e t h e r  e x h i b i t e d  g r o w t h  r a t e s  o f  0 . 1 4  h  ^ when b a t c h  c u l t u r e d  
on w h i s k e y  d i s t i l l e r y  s p e n t  w a s h ,  a  w a s t e  w i t h  a h i g h e r  p r o t e i n  c o n t e n t  
t h a n  BCSF ( B a r k e r ,  Q u i n n ,  and  M a r c h a n t ,  1 9 8 2 ) .  I n  c o n t i n u o u s  c u l t u r e ,
H. a n o m a l a  a n d  £ .  k r u s e l  m a i n t a i n e d  t h e m s e l v e s  a t  d i l u t i o n  r a t e s  up t o  
0 . 3 5  h  w h i l e  Q_,_ c a n d id u m  w a s h e d  o u t  a t  d i l u t i o n  r a t e s  g r e a t e r  t h a n  
0 . 2 0  h  \  Q u inn  and  M a rc h a n t  ( I 9 6 0 )  r e p o r t e d  t h e  maximum b i o m a s s  
p r o d u c t i o n  ( 0 . 1 2 5  h  *)  o f  £ .  c a n d l j p a  on  d i s t i l l e r y  s p e n t  wash  t o  o c c u r  
a t  22°C .  S h e e h a n  and  G r e e n f i e l d  (1960)  r e v i e w e d  r e p o r t s  on  b i o m a s s  
p r o d u c t i o n  f r o m  d i s t i l l e r y  w a s t e w a t e r s .  T y p i c a l  d i l u t i o n  r a t e s  r e p o r t e d  
i n  t h i s  r e v i e w  w a r s  0 . 1 6 6  h ^ f o r  C a n d i d a  u t i l l s  a n d  0 .0 B 3  h ^ f o r  
C a n d i d a  t r o p l c a l i s .  C a b i b  e t  a l . (19B3) c u l t u r e d  £ .  u t i l l s  on  s t i l l a g e  
from c a n e  m o l a s s e s  a l c o h o l  and  r e p o r t e d  g r o w t h  r a t e s  o f  0 . 1 9  t o  0 . 2 4  h  ^
i n  b a t c h  c u l t u r e .  C o n t i n u o u s  c u l t u r e s  a c h i e v e d  s t e a d y  s t a t e s  a t  
d i l u t i o n  r a t e s  up  t o  0 . 2 7  h V  Reed  and  P e p p i e r  ( 1 9 7 3 )  r e p o r t e d
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s p e c i f i c  g r o w t h  r a t * *  o f  S a c c h a ro in v c e *  c a r e v l s i a e  on  c a n a  m o l a s s e s  In  
c o n t i n u o u s  c u l t u r e  t o  r a n g e  f r o m  0 . 2 0  t o  0 . 2 5  h  V
The g r e a t e s t  b a c t e r i a l  b i o m a s s  was m e a s u r e d  w i t h  £ .  m a r i n a  when 
t h e  BCSF medium was  s u p p l e m e n t e d  w i t h  38 n g / 1  o f  ammonium a u l f a t e .  On a 
d r y  w e i g h t  b a s i s  127 mg o f  c e l l s  w e r e  p r o d u c e d  p e r  gram o f  BCSF and  when 
m e a s u r e d  a s  o r g a n i c  c a r b o n  203 mg p e r  g r a n  o f  c a r b o n  I n  BCSF. The c e l l s  
a r e  e s t i m a t e d  t o  b e  6 3 |  c a r b o n ,  w h i c h  i s  g r e a t e r  t h a n  t h e  o f t e n  c i t e d  
t h e o r e t i c a l  c a r b o n  c o n t e n t  o f  53.1% b a s e d  on  a  f o r m u l a  w e i g h t  o f  
( G r a d y  a n d  L i n ,  1 9 8 0 ) .  The c e l l u l a r  c a r b o n  c o n t e n t  n a y  be s l i g h t l y  
o v e r e s t i m a t e d  due  t o  l o s s  o f  c e l l *  a n d  l e a k a g e  o f  c e l l u l a r  c o n s t i t u e n t s  
d u r i n g  t h e  c e n t r i f u g a t i o n  a n d  w a s h i n g  s t e p s  o f  t h e  d r y  w e i g h t  
d e t e r m i n a t i o n * .  T h e s e  l o s s e s  w o u ld  n o t  b e  a s s o c i a t e d  w i t h  TOC e s t i m a t e s  
o f  c e l l  b l o n a s s .  H i g h  c a r b o n  c o n t e n t  may a l s o  h a v e  r e s u l t e d  f r o m  g ro w th  
o n  a  r i c h  c a r b o n  medium. E x c e s s  c a r b o n  a n d  e n e r g y  s o u r c e s  may l e a d  t o  
p r o d u c t i o n  o f  e n e r g y  r e s e r v e s  w h i c h  c o n s t i t u t e  a h i g h  p r o p o r t i o n  o f  
b i o m a s s  d r y  w e i g h t  ( F e r t ,  1 9 7 5 ) .  C e l l s  g rown  on  b r e w e r y  w a s t e s  have  
p r e v i o u s l y  b e e n  r e p o r t e d  t o  c o n t a i n  h i g h  p e r c e n t a g e s  o f  p o l y s a c c h a r i d e  
s t o r a g e  p r o d u c t s  ( T a k l l ,  1 9 7 7 ) ,
The d r y  w e i g h t  c o n v e r s i o n  r a t i o  o f  BCSF by  £ .  f t a r l n *  i s  s i m i l a r  t o  
t h a t  o f  h e t e r o t t o p h i c  b a c t e r i a  on  n u t r i e n t  b r o t h .  Es c h e r i c h i a  c o l l  
c u l t u r e d  o n  n u t r i e n t  b r o t h  a t  a  c o n c e n t r a t i o n  o f  8 g / 1  w i l l  p r o d u c e  1 
g / 1  o f  c e l l s ,  w h i c h  I s  a c o n v e r s i o n  r a t i o  o f  125 m g /g .  C o n s i d e r a b l y  
h i g h e r  c o n v e r s i o n  r a t i o s  may o c c u r  (375 mg/g)  f o r  a  medium r i c h  i n  
e a s i l y  a s s i m i l a t e d  s u b s t r a t e s  ( R i v i e r e ,  1 9 7 7 ) .  C o n v e r s i o n  r a t i o s  i n  
t h i s  s t u d y  may h a v e  b e e n  r e d u c e d  b y  l o s s  f ro m  c e l l s  o f  s o l u b l e  o r g a n i c  
c om pound* .  T h e s e  compounds  may b e  s h u n t e d  m e t a b o l i c  i n t e r m e d i a t e s  o r  
may r e p r e s e n t  e n  i n a d v e r t e n t  l e a k a g e  o f  c e l l  c o n s t i t u e n t s  ( D e n n i s  and
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I r v i n * ,  1 9 8 1 ) .  An a d d i t i o n * !  l o s s  o f  f i x e d  c a r b o n  I n  t h i s  s t u d y  may 
h a v e  b a e n  t h e  l o s s  o f  b a c t e r i a l  e x o p o l y n e r *  ( e . g .  s l i m e )  d u r i n g  
c e n t r i f u g a t i o n .
B a c t e r i a l  b i o m a s s  d i f f e r e d  among t h e  f i v e  s p e c i e s  w hen  m e a s u r e d  a s  
d r y  w e i g h t  o r  o r g a n i c  c a r b o n ,  a l t h o u g h  t h e  d i f f e r e n c e s  w a r *  l e s s  when 
m e a s u r e d  a s  o r g a n i c  c a r b o n .  Y i e l d s  o f  t h e  f i v e  a p e c l a s  d i f f e r e d  much 
l e s s  t h a n  c o n c e n t r a t i o n s  and  y i e l d s  o f  o n l y  two s p e c i e s  d i f f e r e d  
s i g n i f i c a n t l y .  B a c t e r i a l  y i e l d s  f o r  a e r o b i c  g r o w th  o n  a  g i v e n  s u b s t r a t e  
a r e  u s u a l l y  v e r y  s i m i l a r  f o r  a l l  s p e c i e s  ( P a y n e ,  1 9 7 0 ) .  D i f f e r e n c e s  I n  
b a c t e r i a l  b i o m a s s  may b e  dua p a r t i a l l y  t o  d i f f e r e n c e s  I n  y i e l d s  o f  t h e  
s p e c i e s ;  £ ,  m a r i n a  h a d  b o t h  t h e  h i g h e s t  y i e l d  and  t h e  g r e a t e s t  b i o m a s s  
w h i l e  ( l l c r o c o c c u B  s p . h a d  the  l o w e s t  y i e l d  a n d  t h e  l o w e s t  b i o m a s s .
V a r i o u s  f a c t o r s  n a y  I n f l u e n c e  t h e  f i n a l  b a c t e r i a l  b i o m a s s .  A l l  
c o m p o n e n t s  o f  BCSF may n o t  b e  e q u a l l y  a v a i l a b l e  t o  a l l  s p e c i e s ;  t h o s e  
b a c t e r i a  a b l e  t o  m e t a b o l i z e  a  w i d e r  r a n g e  o f  c o m p o n e n t s  w o u l d  p r o d u c e  
m o re  b i o m a s s , O p t i m a l  e n v i r o n m e n t a l  c o n d i t i o n s  ( e . g .  t e m p e r a t u r e ,  
s a l l n t y ,  pH, a e r a t i o n ,  s p e c i f i c  i o n i c  r e q u i r e m e n t s )  f o r  s y n t h e s i z i n g  
b i o m a s s  n a y  b e  d i f f e r e n t  f o r  t h e s e  s p e c i e s .  The e n v i r o n m e n t a l  
c o n d i t i o n s  e m p loye d  may have b e e n  more f a v o r a b l e  f o r  t h o s e  s p e c i e s  w i t h  
t h e  h i g h e r  b i o m a s s  c o n c e n t r a t i o n s .
A d d i t i o n  o f  n i t r o g e n  s u p p l e m e n t s  h a d  a  s i g n i f i c a n t  e f f e c t  u p o n  
b a c t e r i a l  c o n v e r s i o n  r a t i o s  m e a s u r e d  as  e i t h e r  d r y  w e i g h t  o r  o r g a n i c  
c a r b o n .  T h i s  s u g g e s t s  t h a t  t h e  c o n c e n t r a t i o n  o f  n i t r o g e n  I n  BCSF may be 
l i m i t i n g  t o  b a c t e r i a l  g r o w t h .  A d d i t i o n  o f  70 mg o f  ammonium s u l f a t e  p e r  
g  o f  BCSF was c a l c u l a t e d  t o  l o w e r  t h e  BCSF C;N r a t i o  f r o m  5 3 . 5 : 1  t o  
1 0 : 1 .  The o p t i m a l  C:N r a t i o  f o r  a  g i v e n  c u l t u r e  medium i s  a  f u n c t i o n  o f  
t h e  s t o i c h i o m e t r y  o f  b a c t e r i a l  g r o w t h  ( G r a d y  a n d  Llm,  1 9 8 0 ) .  A C:H
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r a t i o  o f  10 :1  I s  w i d e l y  u s e d  I n  p r o d u c t i o n  o f  SCP ( L i t c h f i e l d ,  1 9 7 9 ) ,  
b u t  v a l u e s  up t o  2 0 :1  h a v e  a l s o  b e e n  s u g g e s t e d  a s  o p t i m a l  ( G r a y  e t  a l , , 
1 9 6 0 ) ,  The 1 0 : 1  r a t i o  i s  b a s e d  on  t h e  a s s u m p t i o n s  t h a t  a b a c t e r i a l  c e l l  
l a  501 c a r b o n  a n d  10% n i t r o g e n  a n d  t h a t  t h e  g r o w t h  y i e l d  l a  50%. No 
s i g n i f i c a n t  d i f f e r e n c e s  i n  b a c t e r i a l  c o n v e r s i o n  e x i s t e d  b e t w e e n  any  
l e v e l s  o f  ammonium s u l f a t e  a d d i t i o n .  A d d i t i o n  o f  38 m g /g  o f  BCSF s h o u l d  
h a v e  r e s u l t e d  i n  l e s s  b i o m a s s  t h a n  a d d i t i o n  o f  76 m g /g  i f  76 mg/g 
p r o d u c e d  t h e  o p t i m a l  C:N r a t i o .  A s i m i l a r  r e s u l t  was  o b t a i n e d  by 
T o m l i n s o n  ( 1 9 7 6 )  w i t h  C a n d i d a  u t i l l s  c u l t u r e d  on  b r e w e r y  w a s t e s  
s u p p l e m e n t e d  w i t h  ammonium s u l f a t e .  B io m as s  c o n v e r s i o n  was  s i m i l a r  a t  
C:N r a t i o s  o f  15 and  30.
T h e  o p t i m a l  C:N r a t i o  f o r  BCSF b l o c o n v e r s l o n  a p p e a r s  t o  b e  g r e a t e r  
t h a n  1 0 : 1 .  T h i s  w o u ld  b e  e x p e c t e d  s i n c e  o b s e r v e d  y i e l d s  w e r e  
c o n s i d e r a b l y  l o w e r  t h a n  5 0 t  a n d  t h e  c a r b o n  c o n t e n t  o f  t h e  c e l l s  e x c e e d e d  
50%. a d d i t i o n ,  i f  some c a r b o n  c o n s t i t u e n t s  o f  t h e  BCSF were  n o t  
a v a i l a b l e  t o  t h e  b a c t e r i a ,  t h e  am oun t  o f  n i t r o g e n  r e q u i r e d  w ou ld  b e  
c o r r e s p o n d i n g l y  l e s s .  The C:N r a t i o  o f  BCS w o u l d  b e  e f f e c t i v e l y  
l o w e r e d .
T h e  b i o m a s s  c o n v e r s i o n  r a t i o s  d e c r e a s e d  s l i g h t l y  w i t h  s u p p l e m e n t s  
o f  ammonium s u l f a t e  g r e a t e r  t h a n  38 B g / g  o f  BCSF. I t  i s  n o t  known why 
t h i s  o c c u r r e d .  A s i m i l a r  r e s u l t  was n o t e d  b y  S h a n n o n  a n d  S t e v e n s o n  
( 1 9 7 5 ) ,  who r e p o r t e d  t h a t  t h e  b i o m a s s  o f  C a n d i d a  g i g a n t e a  c u l t u r e d  on 
b r e w e r y  g r a i n  p r e s s  l i q u o r  was m a x I n a l  when s u p p l e m e n t e d  w i t h  0.05% 
n i t r o g e n  b u t  d e c r e a s e d  w i t h  0.10% and  0.15% n i t r o g e n .  The same p a t t e r n  
o c c u r r e d  when b r e w e r y  t r u b  p r e s s  l i q u o r  was  u s e d  a s  a  n u t r i e n t  s o u r c e .
W a s t e s  s i m i l a r  i n  c o m p o s i t i o n  t o  BCS h a v e  a l s o  b e e n  f o u n d  t o  
r e q u i r e  a d d i t i o n  o f  s u p p l e m e n t a l  n i t r o g e n  i n  o r d e r  t o  m a x im iz e  b i o m a s s
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c o n v e r s i o n .  Shannon  a n d  S t e v e n o o n  ( 1 9 7 5 )  f o u n d  t h a t  c o n v e r s i o n  o f  
b r e w e r y  w a s t e s  t o  y e a s t  b i o m a s s  c o u l d  i n  some c a s e s  b e  a c r e  t h a n  doub led  
b y  a d d i t i o n  o f  n i t r o g e n  I n  t h e  fo rm  o f  ammonium s u l f a t e .  V r l e n s  e t  a l . 
( 1 9 8 3 )  s i m i l a r l y  f o u n d  t h a t  y i e l d s  o f  m i c r o b i a l  b i o m a s s  from b rew e ry  
w a s t e s  w e r e  s i g n i f i c a n t l y  g r e a t e r  when  n i t r o g e n  was added .  R ie c h e  
( 1 9 8 6 )  f o u n d  t h a t  b e e t  m o l a s s e s  s t l l l a g e  s u p p l e m e n t e d  w i t h  ammonium 
s u l f a t e  l e d  t o  a  251 I n c r e a s e  i n  t h e  b i o m a s s  y i e l d  o f  £ .  u t i l l s . Quinn 
a n d  H a r c h a n t  ( 1 9 7 8 ) ,  h o w e v e r ,  c u l t u r i n g  £ .  pand ldum  on d i s t i l l e r y  w a s te s  
d i d  n o t  f i n d  c o n s i s t e n t  i n c r e a s e s  i n  b i o m a s s  f o l l o w i n g  s u p p l e m e n t a t i o n  
w i t h  n i t r o g e n .
A l t h o u g h  b a c t e r i a l  c o n v e r s i o n  r a t i o s  v a r a  low f o r  t h e  f i v e  s p e c i e s  
e x a m i n e d ,  y i e l d s  w e r e  h i g h .  Y i e l d *  e x c e e d e d  30% f o r  f ,  m a r in a  a t  a l l  
l e v e l s  o f  n i t r o g e n  s u p p l e m e n t a t i o n  a n d  t h e  h i g h e s t  y i e l d  was 38.5% w i t h  
38 mg o f  ammonium s u l f a t e .  T h e s e  y i e l d s ,  h o w e v e r ,  may be i n f l a t e d  I f  
s i g n i f i c a n t  a m oun ts  o f  f i x e d  c a r b o n  a r e  b e i n g  l o s t  f rom t h e  t e l l s .  The 
TOC a n a l y s i s  d i d  n o t  d i f f e r e n t i a t e  s o l u b l e  o r g a n i c  c a r b o n  r e l e a s e d  I n to  
Che medium f r o m  t h a t  i n  t h e  o r i g i n a l  BCSF medium. A g i v e n  amount o f  
b i o m a s s  w o u l d  a p p e a r  t o  b e  s y n t h e s i z e d  from l e a s  medium t h a n  was 
a c t u a l l y  c o n s u m e d .
B e l l  ( 1 9 7 2 )  r e v i e w e d  a  l a r g e  n u m b er  o f  s t u d i e s  on b a c t e r i a l  y i e l d  
e x p r e s s e d  a s  g  d r y  w e i g h t  p e r  g  o f  s u b s t r a t e  c a r b o n .  A e r o b a c t e r  
a e r o g e n e s  c u l t u r e d  o n  m a l t o s e  h a d  a y i e l d  o f  1 . 0 3  and  t h e  mean y i e l d  was
1 . 0 0  f o r  s e v e r a l  m i c r o o r g a n i s m s  c u l t u r e d  on s u c r o s e ,  and 1 .11  f o r  
m i c r o o r g a n i s m s  on  g l u c o s e .  Mean y i e l d s  f o r  a e r o b i c  g rowth  on s im p le  
s u g a r s  was 1 . 0 7  w h i c h  i e  e q u i v a l e n t  t o  0 . 5 6  g c a r b o n  p e r  g s u b s t r a t e  
c a r b o n ,  i f  a  t h e o r e t i c a l  c a r b o n  v a l u e  f o r  b a c t e r i a  o f  52% i s  employed.  
The  maximum y i e l d  I n  t h i s  s t u d y  was 0 . 3 8 5 ,  w h i c h  l a  69% o f  t h e  mean
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v a l u e .  The mean v a l u e  o f  0 , 5 6  i> b a c e d  on s t u d i e s  I n  w h ic h  c o n d i t i o n s  
f o r  l aoa t  e f f i c i e n t  s u b s t r a t e  u t i l i z a t i o n  had  b e e n  o p t i m i z e d .  Growth  
u n d e r  l e s s  t h a n  o p t i m a l  c o n d i t i o n s  l e a d s  t o  I n c r e a s e d  m a i n t e n a n c e  
r e q u i r e m e n t s  a n d  r e d u c e d  y i e l d s  ( H a r r i s o n ,  1 9 7 8 ) .  I f  y i e l d s  c o u l d  be 
r a i s e d  t o  t h e  mean v a l u e  by  o p t i m i z i n g  t h e  e n v i r o n m e n t a l  c o n d i t i o n s ,  a  
31% I n c r e a s e  In  b i o m a s s  w o u ld  r e s u l t .  The s t u d i e s ,  however ,  on  wh ich  
t h i s  mean was b a s e d  e m ployed  s i n g l e  s u b s t r a t e s  o f  mono- o r  
d i s a c c h a r I d e s . Y i e l d s  may be  lo w e r  I f  b a s e d  on m i x t u r e s  o f  s u b s t r a t e s  
w i t h  m ore  complex  c o m p o n e n t s .
B iom ass  c o n v e r s i o n  r a t i o s  m ig h t  a l s o  be  i n c r e a s e d  by  u s i n g  mixed 
c u l t u r e s  o f  m i c r o o r g a n i s m s . The " s p e n t "  BCSF medium c o n t a i n s  a  m i x t u r e  
o f  u n u s e d  BCSF co m p o n e n t s  a n d  s e c r e t e d  m e t a b o l i c  i n t e r m e d i a t e s .  A 
m i x t u r e  o f  b a c t e r i a  w o u ld  h a v e  a  g r e a t e r  r a n g e  o f  h y d r o l y t i c  enzymes  and 
be  more l i k e l y  t o  m e t a b o l i z e  a  w i d e r  r a n g e  o f  BCSF components  t h a n  any 
s i n g l e  s p e c i e s .  S e c r e t e d  o r  l e a k e d  m e t a b o l i c  I n t e r m e d i a t e s  a r e  r e a d i l y  
m e t a b o l i z e d  by  o t h e r  s p e c i e s  i n  a m ix e d  c u l t u r e  ( O b a y a s h i  and Gaudy,  
1 9 7 3 ) .  Mixed c u l t u r e s  h a v e  many a d v a n t a g e s  o v e r  m o n o c u l t u r e s ,  
e s p e c i a l l y  when t h e  c u l t u r e  medium I s  a  h e t e r o g e n e o u s  m i x t u r e  s u c h  as  
BCSF. T r e a t m e n t  o f  d o m e s t i c  s ew age ,  a  v e r y  h e t e r o g e n e o u s  m i x t u r e  o f  
s u b s t r a t e s ,  c a n  o n l y  be a c h i e v e d  by a  mixed  c u l t u r e  (La R i v i e r e ,  1 9 7 7 ) .  
Mixed c u l t u r e s  h a v e  b e e n  h i g h l y  s u c c e s s f u l  f o r  p r o d u c t i o n  o f  SCP f rom 
n a t u r a l  g a s ,  a  m i x t u r e  o f  s u b s t r a t e s  a n a l a g o u s  t o  BCS. H a r r i s o n  (1978)  
d e s c r i b e d  t h e  u s e  o f  c a r e f u l  r e c o m b i n a t i o n s  o f  s p e c i e s ,  t e rm ed  
" s t r u c t u r e d  mixed c u l t u r e s "  a s  o p p o s e d  t o  c r u d e  e n r i c h m e n t s ,  f o r  SCP 
p r o d u c t i o n .  B e s i d e s  i n c r e a s e s  I n  b i o m a s s  c o n v e r s i o n s  a n d  y i e l d s ,  o t h e r  
a d v a n t a g e s  o f  m ix e d  c u l t u r e s  a r e  I n c r e a s e d  s t a b i l i t y ,  r e s i s t a n c e  t o
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c o n t a m i n a t i o n ,  l o w e r e d  a u a c e p t l b l l l t y  t o  f o a m i n g ,  and  r e d u c e d  v i t a m i n  
r e q u i r e m e n t a .
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SECTION I I I  
Growth o f  C o l o r l e s s  F l a g e l l a t e s
INTRODUCTION
C o l o r l e s s  f l a g e l l a t e s  h a v e  n o t  p r e v i o u s l y  b e e n  c o n s i d e r e d  a s  
p o t e n t i a l  f o o d  o r g a n i s m s  f o r  u s e  In  m a r i c u l t u r e  b e c a u s e  t h e i r  I m p o r t a n c e  
In  m a r i n e  f o o d  c h a i n s  was  n o t  r e c o g n i z e d  u n t i l  r e c e n t l y .  S t a n d a r d  
b a c t e r i o l o g i c a l  methods were  n o t  a d e q u a t e  f o r  t h e i r  e n u m e r a t i o n  and  
c l a s s i c a l  t e c h n i q u e s  o f  p l a n k t o n  e c o l o g y  e i t h e r  o v e r l o o k e d  them  o r  d i d  
n o t  d i f f e r e n t i a t e  them f rom  p h y t o p l a n k t o n .  Not  u n t i l  membrane f i l t e r s  
and  f l u o r e s c e n c e  m ic r o s c o p y  became a v a i l a b l e  f o r  u s e  I n  m a r i n e  e c o l o g y  
was t h e r e  a  s i m p l e  vay t o  q u a n t i f y  c o l o r l e s s  f l a g e l l a t e s .  C o l o r l e s s  
f l a g e l l a t e s  a r e  now c o n s i d e r e d  t o  be i m p o r t a n t  I n t e r m e d i a t e  l i n k s  
b e t w e e n  b a c t e r i a  and l a r g e  z o o p l a n k t o n  i n  t h a  t r o p h o d y n a m l c s  o f  m a r in e  
e c o s y s t e m s  (K opy lov  e t  e l . ,  19B1; Azam e t  a l . ,  1 9 B 3 ) . They may a l s o  be 
an  a d d i t i o n a l  l i n k  b e tw e e n  s m a l l  p h y t o p l a n k t o n  a n d  z o o p l a n k t o n  (Goldman 
e t  a l . ,  19B5) ,  L i t t l e  l a  s t i l l  known a b o u t  t h e  g r a z i n g  o f  c o l o r l e s s  
f l a g e l l a t e s  by  m a c r o b e n t h l c  o r g a n i s m s .
I n  n a t u r e ,  f l a g e l l a t e s  a r e  a d a p t e d  t o  e x p l o i t i n g  a fo o d  s o u r c e  
w h ic h  1s s p a t i a l l y  and t e m p o r a l l y  h e t e r o g e n e o u s  ( F e n c h e l ,  1 9 6 2 c )  .
S t u d i o s  i n  n a t u r a l  e c o s y s t e m s  (Yongu* a n d  C a i r n s ,  1971)  and  I n  
m ic r o c o s m s  (H eneb ry  and C a i r n s ,  19B0) h a v e  d e m o n s t r a t e d  f l a g e l l a t e s  t o  
be  t h e  d o m in a n t  s p e c i e s  among t h e  p r o t o z o a  i n  t h e  e a r l y  d e v e l o p m e n t  o f  
f o u l i n g  c o m m u n i t i e s .  They may be p a r t i c u l a r l y  a b u n d a n t  i n  e u t r o p h l c
57
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e n v i r o n m e n t *  ( H e n e b r y  a n d  C i l r n i , 1 9 6 0 ) ,  H i g h l y  p o l l u t e d  e n v i r o n m e n t s  
o f t e n  h a v e  l a r g e  p o p u l a t i o n s  o f  f l a g e l l a t e s ,  w h i c h  e r e  n o t  a s  s e n s i t i v e  
t n  p o l l u t i o n  a s  a r e  t h e i r  l a r g e  p r e d a t o r s  ( S o r o k i n ,  1 9 8 1 ) ,  F l a g e l l a t e s  
h a v e  s i m i l a r l y  b e e n  d e m o n s t r a t e d  t o  b e  t h e  e a r l y  c o l o n i z i n g  s p e c i e s  i n  
t h e  d e v e l o p m e n t  o f  a c t i v a t e d  s l u d g e  ( C u r d s ,  1 9 6 6 ) ,  a w a s t e  t r e a t m e n t  
s y s t e m  w h i c h  i s  s i m i l a r  t o  t h e  w a s t e w a t e r  m s r i c u l t u r e  s y s t e m  b e i n g  
d e v e l o p e d  i n  t h i s  s t u d y .
C o l o r l e s s  f l a g e l l a t e s  a r e  good  c a n d i d a t e s  f o r  u s e  i n  m a r l c u l t u r e  
b e c a u s e  t h e y  h a v e  r - s e l e c t e d  s t r a t e g i e s  f o r  s u r v i v a l  i n  t h e  n a t u r a l  
e n v i r o n m e n t ,  r - S e l e c t e d  o r g a n i s m s  a r e  s u c c e s s f u l  p i o n e e r  s p e c i e s  a n d  
t y p i c a l l y  h a v e  h i g h  r e p r o d u c t i v e  r a t e s ,  d e n s i t y - i n d e p e n d e n t  m o r t a l i t y ,  
a n d  t h e  a b i l i t y  t o  u s e  v a r i o u s  r e s o u r c e s  ( P L a n k a ,  1 9 7 0 ) .  When 
i n o c u l a t e d  i n t o  t h e  e c o l o g i c a l  vacuum o f  a  m s r i c u l t u r e  s y s t e m ,  a n  
a r t i f i c i a l  e n v i r o n m e n t  w i t h  i n i t i a l l y  u n l i m i t e d  n u t r i e n t s  and  no 
c o m p e t i t o r s ,  t h e y  a r e  a b l e  t o  r e a l i z e  t h e i r  h i g h  i n t r i n s i c  p r o d u c t i v i t y .  
Many f l a g e l l a t e  s p e c i e s  a r e  c o n s i d e r e d  t o  b e  "weed" o r g a n i s m s  b y  
o a r l c u l t u r l s t s  a n d  a r e  m a j o r  n u i s a n c e s  i n  a l g a l  c u l t u r e  f a c i l i t i e s  where 
t h e y  c o n t a m i n a t e  a n d  o u t g r o w  a l g a l  m o n o c u l t u r e s  ( L u c a s ,  1966 ;  M.
R o b e r t s ,  V i r g i n i a  I n s t i t u t e  o f  M a r i n e  S c i e n c e ,  p e r s o n a l  c o m m u n i c a t i o n ) .  
T h e i r  a b i l i t y  t o  u s e  v a r i a b l e  r e s o u r c e s  i s  a n  a s s e t  i n  a  m s r i c u l t u r e  
s y s t e m  i n  w h i c h  t h e  n u t r i e n t  c o m p o s i t i o n  may v a r y ,  s u c h  a s  i n  t h i s  
a t u d y .
I n  t h e  few s t u d i e s  i n  w h i c h  c o l o r l e s s  f l a g e l l a t e s  h a v e  b e e n  
c u l t u r e d ,  n o  a t t e m p t s  w e r e  made t o  f i n d  t h e i r  o p t i m a l  e n v i r o n m e n t a l  
c o n d i t i o n s  f o r  g r o w t h .  M ost  s t u d i e s  w e r e  c o n c e r n e d  w i t h  m a i n t a i n i n g  
c u l t u r e s  f o r  t a x o n o m i c  p u r p o s e s  ( C o l d  e t  a l . ,  1970 ;  L e a d b e a t e r  a n d  
M o r t o n ,  1 9 7 4 )  o r  f o r  p h y s i o l o g i c a l  i n v e s t i g a t i o n s  ( L e e ,  1978 ;  N u l t s c h
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a n d  H a d e r ,  1 9 8 4 ) .  More  r e c e n t l y ,  s t u d i e s  h a v e  c u l t u r e d  f l a g e l l a t e s  t o  
e l u c i d a t e  t h e i r  r o l e  i n  mar ine e c o s y s t e m s  ( F e n c h a l ,  198 2 a ;  S h e r r  a t  a l , , 
1983 ;  D a v i s  a n d  S i e b u r t h ,  19 8 4 ) .  No p u b l i s h e d  s t u d i e s  e x i s t  on  
c u l t u r i n g  f l a g e l l a t e s  w i t h  t h e  a im  o f  u s i n g  them  a s  f o o d  o r g a n i s m s  i n  
m a r l c u l c u r e .
The e f f e c t s  o f  s e v e r a l  e n v i r o n m e n t a l  p a r a m e t e r s  o n  t h e  g r o w t h  o f  
c o l o r l e s s  f l a g e l l a t e s  were i n v e s t i g a t e d  i n  t h i s  s t u d y  i n  o r d e r  t o  
d e t e r m i n e  b o t h  t h e  o p t i m a l  c o n d i t i o n s  f o r  g r o w t h  a n  t h e  s e n s i t i v i t y  o f  
t h e  f l a g e l l a t e s  t o  e n v i r o n m e n t a l  c h a n g e s .  S u c h  I n f o r m a t i o n  i s  e s s e n t i a l  
i f  f l a g e l l a t e s  a r e  t o  b e  used  i n  a  m a r l c u l t u r e  s y s t e m .  S a l i n i t y ,  
t e m p e r a t u r e ,  a g i t a t i o n  and h a c t e r i a l  c o n c e n t r a t i o n  w e r e  among t h e  
e n v i r o n m e n t a l  p a r a m e t e r s  exam ined .  F l a g e l l a t e  g r o w t h  o n  d i s s o l v e d  
n u t r i e n t s  w a s  c o m p a r e d  t o  g r o w th  on a b a c t e r i a l  d i e t  a n d  t h e  s u i t a b i l i t y  
o f  v a r i o u s  b a c t e r i a l  i s o l a t e s  w a s  examined .  I n  a d d i t i o n ,  y i e l d s  o f  
f l a g e l l a t e s  c u l t u r e d  o n  b a c t e r i a  were d e t e r m i n e d .  The e x p e r i m e n t s  were  
d e s i g n e d  w i t h  t h e  o v e r a l l  o b j e c t i v e  o f  o b t a i n i n g  i n f o r m a t i o n  t o  b e  u s e d  
i n  e s t a b l i s h i n g  a m a r l c u l  cure  o p e r a t i o n  r a t h e r  t h e n  b e i n g  p u r e l y  a n  
I n v e s t i g a t i o n  o f  p r o t o z o a n  p h y s i o l o g y .  F o r  t h i s  r e a s o n ,  t h e  e x p e r i m e n t s  
w e r e  c a r r i e d  o u t  I n  b a t c h  c u l t u r e s ,  w h ich  l a  how m o s t  m i c r o o r g a n i s m s  a r e  
r a i s e d  f o r  f o o d .
MATERIALS AND METHODS
E i g h t e e n  I s o l a t e *  o f  c o l o r l e s s  f l a g e l l a t e s  w e r e  s c r e e n e d  o f  w h ic h
f i v e  s p e c i e s  w e r e  s e l e c t e d  f o r  u s e  I n  t h i s  s t u d y .  They  I n c l u d e d  two
s p e c i e s  o f  c h r y s o m o n a d s , two s p e c i e s  o f  b o d o n i d s ,  a n d  a
c h o a n o f l a g e l l a t e . On ly  one  c h ry s o m o n a d ,  Pa raohvsomonafl  v e s t l t a . h a s
b e e n  I d e n t i f i e d  t o  t h e  s p e c i e s  l e v e l .  The  o t h e r  u n i d e n t i f i e d  s p e c i e s
w e r e  d e s i g n a t e d  a s  c h r y s o m o n a d  1,  b o d o n l d  1,  b o d o n l d  2 ,  a n d
c h o a n o f l a g e l l a t e  1 .  A l l  o f  t h e s e  o r g a n i s m s  were  I s o l a t e d  f r o m  t h e  York
R i v e r  a t  G l o u c e s t e r  P o i n t ,  VA by members o f  t h e  V i r g i n i a  I n s t i t u t e  o f
M a r i n e  S c i e n c e  ( c h o a n o f l a g e l l a t e  1 by  S. A r n o l d ,  £ ,  v e s t l t a , b o d o n l d  1
a n d  c h ry s o m o n a d  1 b y  L. H a a s ,  a n d  b o d o n l d  2 b y  D. G u s s m a n ) . T h e s e
f i v e  w e r e  c h o s e n  b e c a u s e  t h e y  w e r e  r e l a t i v e l y  e a s y  t o  c u l t u r e  on  a
b a c t e r i a l  d i e t ,  h a d  f a s t e r  g r o w th  r a t e s  t h a n  o t h e r  i s o l a t e s ,  a n d
r e p r e s e n t e d  d i f f e r e n t  t a x o n o m i c  g r o u p s .
L i n e a r  d i m e n s i o n s  o f  l i v i n g  s p e c i m e n s  were  m e a s u r e d  f r o m  a n
e x p o n e n t i a l l y  g r o w i n g  c u l t u r e  by  p h a s e  m i c r o s c o p y  a t  1,0D0X
m a g n i f i c a t i o n .  Tw en ty  c e l l s  were  m e a s u r e d  o f  e a c h  s p e c i e s .  Volumes
w e r e  c a l c u l a t e d  f r o m  m e a s u r e m e n t s  o f  e i t h e r  t h e i r  d i a m e t e r  o r  w i d t h  and
3
l e n g t h  u s i n g  t h e  f o r m u l a  o f  e i t h e r  a  s p h e r e  (V-A/3 r  ; w h e r e  r - r a d l u s )
2
o r  a  r o t a t i o n  e l l i p s o i d  ( V - 4 / 3  ab  ; where  a - l e n g t h / 2 , b - v l d t h / 2 ) .
The d i r e c t  g r o w t h  o f  c o l o r l e s s  f l a g e l l a t e s  on  B r e w e r s  C o n d e n s e d  
S o l u b l e s  F i l t r a t e  (BCSF) was  com pared  w i t h  g r o w t h  o f  f l a g e l l a t e s  f e d  
b a c t e r i a  r a i s e d  o n  BCSF. F o r  e a c h  s p e c i e s  o f  f l a g e l l a t e  f o u r  s e t s  o f
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t r i p l i c a t e  500 ml f l a s k s  w e r e  f i l l e d  w i t h  250  ml o f  s t e r i l e ,  f i l t e r e d  
< 0 .2  u )  York  R i v e r  w a t e r  t o  w h i c h  wee e d d e d  0 . 2 5  g o f  BCSF. BCSF was 
p r e p a r e d  a a  d e s c r i b e d  i n  S e c t i o n  I I ,  F o u r  ml  o f  a n  a n t i b i o t i c  s o l u t i o n  
c o n t a i n i n g  4 . 0  mg/ml o f  s o d iu m  p e n i c i l l i n  G <1675 U/mg) a n d  4 . 0  mg/ml of  
s t r e p t o m y c i n  s u l f a t e  w e r e  a d d e d  t o  t h e  f i r s t  s e t  o f  f l a s k s  t o  p r e v e n t  
g r o w t h  o f  b a c t e r i a .  A l l  c u l t u r e  m e d i a  were i n o c u l a t e d  w i t h  10^ c e l l s  of 
Pseudom onas  m a r i n a  f rom  a n  e x p o n e n t i a l  p h a s e  c u l t u r e  a n d  p l u g g e d  w i t h  
c o t t o n  s t o p p e r s .  The f l a s k s  w e r e  k e p t  on  a  r o t a r y  s h a k e r  t a b l e  and 
m a i n t a i n e d  a t  22°C .  A f t e r  24 h o u r s  t h e  b a c t e r i a  i n  t h e  s e c o n d ,  t h i r d ,  
a n d  f o u r t h  a a t s  o f  f l a s k s  h a d  r e a c h e d  s t a t i o n a r y  p h a s e  w h i l e  no g row th  
h a d  o c c u r r e d  i n  t h e  f i r s t  s e t .  The b a c t e r i a  i n  t h e  t h i r d  s e t  o f  f l a s k s  
w e r e  h a r v e s t e d  b y  c e n t r i f u g a t i o n  a t  1 0 , 0 0 0  g f o r  20 m i n u t e s .  The 
c e n t r i f u g a t e  was d i s c a r d e d  a n d  t h e  c e l l s  w e re  r e s u s p e n d e d  i n  250 ml o f  
s t e r i l e  Y ork  r i v e r  w a t e r .  F o u r  ml o f  t h e  a n t i b i o t i c  s o l u t i o n  were added  
t o  t h e  r e s u s p e n d e d  b a c t e r i a  i n  t h e  f o u r t h  s e t  o f  f l a s k s .  A l l  tw e lve  
f l a s k s  w e r e  i n o c u l a t e d  w i t h  5 x 10 c e l l s  o f  t h e  g i v e n  s p e c i e s  o f  
f l a g e l l a t e .  F o r t y  e i g h t  h o u r s  a f t e r  i n o c u l a t i o n ,  f l a g e l l a t e s  i n  t h e  
f l a s k s  w e r e  s a m p l e d  a n d  e n u m e r a t e d .
The  e f f e c t s  o f  s h a k i n g ,  s a l i n i t y ,  t e m p e r a t u r e ,  a n d  b a c t e r i a l  
c o n c e n t r a t i o n  o n  g r o w t h  o f  t h e  f i v e  f l a g e l l a t e  s p e c i e s  w e r e  i n d i v i d u a l l y  
e x a m i n e d  i n  a  s e r i e s  o f  f o u r  e x p e r i m e n t s .  The e x p e r i m e n t s  were 
p e r f o r m e d  i n  t r i p l i c a t e  500 ml f l a s k s  c o n t a i n i n g  f i l t e r e d  <0.2 urn) 
s t e r i l e  Y o rk  R i v e r  w a t e r  e n r i c h e d  w i t h  BCSF a n d  I n o c u l a t e d  w i t h  £ .  
m a r i n a  a s  p r e v i o u s l y  d e s c r i b e d  b u t  w i t h o u t  a d d i t i o n  o f  a n y  a n t i b i o t i c s .  
The  f l a s k s  w e r e  p l a c e d  on  a  r o t a r y  s h a k e r  a t  100 rpm a n d  m a i n t a i n e d  a t  
20°C .  The b a c t e r i a  w e r e  c u l t u r e d  f o r  24 h o u r s  a t  w h i c h  t i m e  t h e i r  
p o p u l a t i o n  was I n  s t a t i o n a r y  p h a s e  a n d  t h e  f l a s k s  w e re  I n o c u l a t e d  w i t h
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f l a g e l l a t e s .  The  b a c t e r i a l  c o n c e n t r a t i o n  e x p e r i m e n t  d i f f e r e d  s l i g h t l y  
i n  I t s  I n i t i a l  p r o t o c o l  a s  d e s c r i b e d  b e l o w .  The  f l a g e l l a t e  I n o c u l u m  was 
t a k e n  f rom  a  r e c e n t l y  t r a n s f e r r e d  s t o c k  c u l t u r e  t h a t  was c a r e f u l l y  
m o n i t o r e d  t o  e n s u r e  t h a t  t h e  c e l l s  w e r e  I n  e x p o n e n t i a l  g r o w t h .  The  t im e  
a t  w h i c h  t h e  f l a g e l l a t e s  w e re  a d d e d  was  c o n s i d e r e d  t o  b e  t i m e  i e r o ,
F iv e  ml  s a m p l e s  w e r e  t a k e n  f rom  e a c h  f l a s k  a t  0 ,  2 4 ,  4 6 ,  7 2 ,  a n d  96 
h o u r s  a n d  f i x e d  w i t h  0 . 5  ml o f  a n  a c i d i f i e d  f o r m a l i n  p r e s e r v a t i v e .  The 
p r e s e r v a t i v e  c o n s i s t e d  o f  a 15% s o l u t i o n  o f  f o r m a l i n  ( v / v )  m ix e d  w i t h  a 
2.0% s o l u t i o n  o f  a c e t i c  a c i d  ( v / v )  I n  a r a t i o  o f  5 : 2 .  The  s a m p l e s  w e r e  
k e p t  r e f r i g e r a t e d  a t  7°C u n t i l  p r o c e s s i n g  w h i c h  o c c u r r e d  w i t h i n  one  
week.
P r e s e r v e d  s a m p l e s  w e r e  s t a i n e d  w i t h  100 u l  o f  e i t h e r  e o s l n  Y ( 0 . 2  
g / 1 0 0  m l )  o r  a n i l i n e  b l u e  ( 0 . 2  g / 1 0 0  m l ) .  A l t h o u g h  b o t h  d y e s  w e r e  
s a t i s f a c t o r y  f o r  s t a i n i n g  f l a g e l l a t e s  f o r  e n u m e r a t i o n ,  a n i l i n e  b l u e  was 
u s e d  f o r  t h e  m a j o r i t y  o f  s a m p l e s  b e c a u s e  w i t h  i t  t h e  f l a g e l l a  o f  s t a i n e d  
c e l l s  w e r e  p r o n o u n c e d .  A n i l i n e  b l u e  I s  c o l o r e d  o n l y  u n d e r  a c i d i c  
c o n d i t i o n s  a n d  s a m p l e s  w h i c h  w e r e  h i g h l y  d i l u t e d  a f t e r  f i x i n g  h a d  t o  be  
a c i d i f i e d  w i t h  a c e t i c  a c i d  t o  p r e v e n t  l o s s  o f  c o l o r .  S t a i n e d  s a m p l e s  
w*re vacum n  f i l t e r e d  o n t o  25 mm d i a m e t e r  Gelman GA-6 c e l l u l o s e  
t r i a c e t a t e  m em brane  f i l t e r s  ( 0 . 4 5  t a t ) .  The  f i l t e r s  were  d r i e d  a t  40°C  
on g l a s s  s l i d e s  a n d  c l e a r e d  w i t h  I m m e r s i o n  o i l  ( C a r g i l l * ,  t y p e  B ) . 
F l a g e l l a t e s  w e r e  e n u m e r a t e d  a t  a  m a g n i f i c a t i o n  o f  e i t h e r  2 0 0  X o r  630  X 
d e p e n d i n g  on s i z e ,  s h a p e ,  and  i n t e n s i t y  o f  s t a i n i n g .  I n  g e n e r a l ,  o n l y  
£ .  v e s t l t a  a n d  b o d o n l d  1 c o u l d  b a  e n u m e r a t e d  a t  t h e  l o v e r  m a g n i f i c a t i o n .  
F o r t y  f i e l d s  o r  200  c e l l s  w e re  c o u n t e d  o n  e a c h  s l i d e  a n d  tw o  s l i d e s  w e re  
p r e p a r e d  from e a c h  s a m p l e .  C e l l  c o n c e n t r a t i o n s  e x c e e d i n g  10 c e l l s / m l  
were  c o u n t e d  i n  a  h e m a c y t o m e t e r  c e l l  (A. O. S p e n c e r  " B r i g h t l i n e " )
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a c c o r d i n g  t o  t h e  p r o c e d u r e  o f  G u t H a r d  ( 1 9 7 3 ) .  Two c o u n t s  w e re  made o f  
e a c h  a a a p l e .
S p e c i f i c  g r o w t h  r a t e s  ( k )  f o r  e a c h  t r e a t m e n t  w e r e  c a l c u l a t e d  f r o m  
t h e  I n c r e a s e  I n  f l a g e l l a t e  c o n c e n t r a t i o n s  d u r i n g  t h e  e x p o n e n t i a l  p h a s e  
o f  g r o w t h .  The  l i n e a r  r e l a t i o n s h i p  b e t w e e n  t h e  n a t u r a l  l o g a r i t h m  o f  
c e l l  c o n c e n t r a t i o n  ( y )  a n d  s a m p l i n g  t i m e  ( x )  was d e t e r m i n e d  by  a  l e a s t  
s q u a r e s  r e g r e s s i o n  m o d e l .  The  s l o p e  o f  t h i s  l i n e ,  I n  u n i t s  o f  h o u r s  
was  c o n s i d e r e d  t o  be t h e  s p e c i f i c  g r o w t h  r s t e . The l e a s t  s q u a r e s  
c a l c u l a t i o n s  w e re  p e r f o r m e d  o n  a  P r im e  c o m p u t e r  (m ode l  850)  u s i n g  a n  
a n a l y s i s  o f  c o v a r i a n c e  (AHC0VA) p r o g r a m  d e v e l o p e d  b y  t h e  N a t i o n a l  M a r i n e  
F i s h e r i e s  S e r v i c e  ( R u s s o ,  1 9 7 7 ) .  The ANCOVA p r o g r a m  a l s o  com pared  t h e  
s p e c i f i c  g r o w t h  r a t e s  ( s l o p e s )  f o r  e a c h  t r e a t m e n t  a n d  d e t e r m i n e d  I f  t h e y  
w e r e  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  f i v e  p e r c e n t  s i g n i f i c a n c e  l e v e l .
The S t u d e n t - N e w m a n - K e u l s  m u l t i p l e  r a n g e  t e s t  was u s e d  t o  d e t e r m i n e  w h i c h  
s p e c i f i c  g r o w t h  r a t e s  d i f f e r e d  s i g n i f i c a n t l y  a t  a  f i v e  p e r c e n t  
s i g n i f i c a n c e  l e v e l  ( Z a r ,  1 9 7 4 ) .  The s p e c i f i c  g r o w t h  r a t e s  were  
c o n v e r t e d  t o  d l v i a i o n a / d a y  b y  m u l t i p l y i n g  b y  24 h o u r s  a n d  d i v i d i n g  b y  
t h e  n a t u r a l  l o g a r i t h m  o f  2 .
I n  t h e  s h a k i n g  e x p e r i m e n t  t h e  r o t a r y  t a b l e s  were  s e t  a t  0 ,  100 ,
1 3 0 ,  a n d  200  rpm w h i l e  i n  t h e  o t h e r  t h r e e  e x p e r i m e n t s  t h e y  w ere  k e p t  a t  
100  rpm. D i s s o l v e d  o x y g e n  c o n c e n t r a t i o n s  w e r e  m e a s u r e d  I n i t i a l l y  i n  t h e  
s h a k i n g  e x p e r i m e n t  a n d  a t  t h e  24 h o u r  s a m p l i n g  p e r i o d  u s i n g  a  YSI m odel  
57 o x y g e n  m e t e r  (YSI C o r p . ,  Y e l lo w  S p r i n g s ,  O H . ) .  I n  t h e  s a l i n i t y  
e x p e r i m e n t ,  s a l i n i t i e s  o f  5 ,  1 5 ,  25 ,  a n d  35 ° / o o  w e r e  t e s t e d  b u t  i n  t h e  
o t h e r  e x p e r i m e n t s  t h e  s a l i n i t y  was m a i n t a i n e d  a t  17 ° / o o .  S t o c k  
c u l t u r e s  o f  f l a g e l l a t e s  w e r e  m a i n t a i n e d  a t  17 ° / o o  a n d  w e r e  t r a n s f e r r e d  
d i r e c t l y  i n t o  d i f f e r e n t  s a l i n i t i e s  w i t h o u t  an y  a t t e m p t  a t  a c c l i m a t i o n .
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A l l  e x p e r i m e n t s  w e r e  p e r f o r m e d  e t  20°C e x c e p t  f o r  the  t e m p e r a t u r e  
e x p e r i m e n t  I n  w h i c h  t e m p e r a t u r e *  o f  5 ,  13,  21 ,  26 ,  end 31°C were t e s t e d .  
S t o c k  c u l t u r e s  w e r e  m a i n t a i n e d  a t  20° C and were  t r a n s f e r r e d  d i r e c t l y  
I n t o  f l a s k s  a t  t h e  d i f f e r e n t  t e m p e r a t u r e s  w i t h o u t  any t e m p e r a t u r e  
a c c l i m a t i o n .  I n  a l l  b u t  t h e  b a c t e r i a l  c o n c e n t r a t i o n  e x p e r i m e n t ,  each
n
f l a s k  was e n r i c h e d  w i t h  0 . 2 5  g o f  BCSF which p ro d u ce d  a p p r o x i m a t e l y  10 
c e l l s / m l  o f  £ .  m a r i n a . The I n i t i a l  p r o t o c o l  f o r  the  b a c t e r i a l  
c o n c e n t r a t i o n  e x p e r i m e n t  d i f f e r e d  I n  t h a t  t h e  b a c t e r i a  were f i r s t  
c u l t u r e d  i n  a n  18 1 c a r b o y  c o n t a i n i n g  5 .0  g / 1  o f  BCSF, When t h i s  
c u l t u r e  r e a c h e d  s t a t i o n a r y  p h a s e ,  I t  was d i l u t e d  w i th  s t e r i l e  York R ive r
w a t e r  t o  t h e  a p p r o p r i a t e  b a c t e r i a l  c o n c e n t r a t i o n  and d i s p e n s e d  I n t o  500
7 7 fl Aml f l a s k s .  B a c t e r i a l  c o n c e n t r a t i o n s  o f  10 , 5 , 0  x  10 , 10 , and 5 X 10
c * l l s / m l  w e r e  t e s t e d .
Y i e l d s  o f  e a c h  f l a g e l l a t e  s p e c i e s  were d e t e r m i n e d  from the
s t a t i o n a r y  p h a s e  c u l t u r e *  I n  t h e  b a c t e r i a l  c o n c e n t r a t i o n  e x p e r i m e n t .
The b i o m a s s  o f  f l a g e l l a t e s  was  d e t e r m i n e d  by  f i l t e r i n g  t h e  c u l t u r e
t h r o u g h  g l a s s  f i b e r  f i l t e r s  (Whatman GF/F, 2& mm d i a m e t e r ) .  Each f i l t e r
w as  p r e v i o u s l y  r i n s e d  w i t h  100 ml o f  p a r t i c l e  f r e e  d i s t i l l e d  w a t e r  t o
r e m o v e  l o o s e  f i b e r s ,  d r i e d  t o  a  c o n s t a n t  w e i g h t  a t  100°C, and w e ighed .
The f i l t e r s  w i t h  t h e  f l a g e l l a t e s  w e r e  r i n s e d  w i t h  i s o t o n i c  ammonium
f o r m a t e  (0 ,5M)  t o  rem ove  s e a  s a l t s  a n d  d r i e d  a t  100°C f o r  2k h  t o
v o l a t i l i z e  t h e  ammonium f o r m a t s .  F i l t e r s  w e re  rowelg hed  and th e
c o n c e n t r a t i o n s  o f  f l a g e l l a t e s  w e r e  c a l c u l a t e d .  F l a g e l l a t e
c o n c e n t r a t i o n s  were  d e t e r m i n e d  o n l y  i n  the  f l a s k s  w i th  t h e  t h r e e  h i g h e s t
7 8 8c o n c e n t r a t i o n s  o f  b a c t e r i a ,  5 x  10 , 10 , a n d  5 X 10 . The b iom ass  o f
b a c t e r i a  was d e t e r m i n e d  u s i n g  t h e  s t o c k  b a c t e r i a l  c u l t u r e .  For  e a c h
s p e c i e s ,  t h e  f i n a l  b i o m a s s  o f  f l a g e l l a t e s  (y  a x i s )  was p l o t t e d  a g a i n s t
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t h e  i n i t i a l  b i o m a s s  o f  b a c t e r i a  ( x  a x l a )  i n  t h a  f l a a k .  The s l o p e  o f  
t h i e  L i n a  w a s  c o n s i d e r e d  t o  b e  t h *  y i e l d  o f  f l a g e l l a t e #  a n d  l t e  v a l u e  
was c a l c u l a t e d  f rom  a  s i m p l e  l i n e a r  r e g r e s s i o n  m o d e l .  The s l o p e s  f o r  
t h e  d i f f e r e n t  s p e c i e s  w e re  c o m p a r e d  b y  ANCDVA a s  p r e v i o u s l y  d e s c r i b e d .
The g r o w t h  o f  £ .  v e s t l t a  was e v a l u a t e d  on s i x  b a c t e r i a l  I s o l a t e s  
c a p a b l e  o f  g r o w t h  o n  BCSF. The I s o l a t e s  ( d e s c r i b e d  I n  s e c t i o n  I I )  
I n c l u d e d  £ .  m a r I p a , P s e u d o m o n a s  , Aeroraonas g £ . , H l c f p c o c c u f l  , and  
a n  u n i d e n t i f i e d  g ram  p o s i t i v e  r o d .  E x p o n e n t i a l  p h a s e  s t o c k  c u l t u r e s  o f  
t h e  b a c t e r i a l  i s o l a t e s  w e r e  I n o c u l a t e d  i n t o  c u l t u r e s  c o n t a i n i n g  f i l t e r e d  
( 0 . 2  urn) Y o r k  R i v e r  w a t e r  a n d  0 . 5  g o f  BCSF. Each  b a c t e r i a l  s p e c i e s  
was  c u l t u r e d  I n  t r i p l i c a t e . A f t e r  24 h o u r s  a l l  t h e  b a c t e r i a l  c u l t u r e s  
h a d  e n t e r e d  s t a t i o n a r y  p h a s e  a n d  j j ,  v e s t l t a  was i n o c u l a t e d  i n t o  t h e  
f l a s k s .  S a m p l i n g  a n d  s t a t i s t i c a l  a n a l y s e s  w e r e  c a r r i e d  o u t  a s  i n  t h e  
p r e v i o u s  e x p e r i m e n t s .
RESULTS
A l l  s p a d e s  e x a m i n e d  v a r a  l e s s  t h a n  10 u n  I n  l e n g t h  o r  d i a m e t e r  
( T a b l e  I I I . I ) .  The  l a r g e s t  f l e g a l i s t s , £ ,  v e s t l t a . v a s  t h r e e  t i m e s  
l a r g e r  I n  l e n g t h  t h a n  t h e  s m a l l e s t ,  c h o a n o f l a g e l l a t e  1 ,  b u t  was o v e r  27 
t i m e s  l a r g e r  o n  a v o l u m e t r i c  b a s i s .  £ .  v e s t l t a  v a s  v o l u m e t r l c a l l y  5 
t i n e s  l a r g e r  t h a n  t h e  n e x t  l a r g e s t  f l a g e l l a t e ,  c h ry s o m o n a d  1.  The two 
s p e c i e s  o f  b o d o n i d s  d i f f e r e d  I n  l e n g t h  by  2 . 9  u n  b u t  b o d o n l d  1 was  o n l y  
2 . 5  t i m e s  l a r g e r  t h a n  b o d o n l d  2 o n  a  v o l u m e t r i c  b a s i s .
None o f  t h e  s p e c i e s  were a b l e  t o  grow o n  BCSF I n  t h e  a b s e n c e  o f  
b a c t e r i a  ( T a b l e  1 1 1 , 2 ) .  No c e l l s  were  o b s e r v e d  f o r  a n y  s p e c i e s  a f t e r  48 
h o u r s  I n  t h e  f i r s t  t r e a t m e n t .  T h e s e  f l a s k s  a l l  r e m a i n e d  c l e a r  w i t h o u t  
a n y  v i s i b l e  t u r b i d i t y  t h r o u g h o u t  t h e  48 h o u r s ,  I n d i c a t i n g  a l a c k  o f  
b a c t e r i a l  g r o w t h .  A l l  f l a g e l l a t e  s p e c i e s  w e r e  a b l e  t o  a c h i e v e  
p o p u l a t i o n s  e x c e e d i n g  5 x  10^ c e l l s / m l  i n  t h e  a n t i b i o t i c  c o n t r o l  f l a s k s ,  
T h e r e  was l i t t l e  d i f f e r e n c e  I n  t h e  c o n c e n t r a t i o n  o f  f l a g e l l a t e s  b e t w e e n  
t h e  a n t i b i o t i c  c o n t r o l  a n d  t h e  s e c o n d  t r e a t m e n t  (BCSF 1- b a c t e r i a ) , wh ich  
v a s  i d e n t i c a l  e x c e p t  f o r  t h e  a d d i t i o n  o f  t h e  a n t i b i o t i c  s o l u t i o n .  F o r  
two s p e c i e s ,  t h e  c o n c e n t r a t i o n  o f  f l a g e l l a t e s  i n  t h e  a n t i b i o t i c  c o n t r o l  
v a s  h i g h e r  t h a n  i n  t h e  "BCSF + b a c t e r i a "  t r e a t m e n t ,  b u t  I n  a l l  c a s e s  t h e  
f l a g e l l a t e  c o n c e n t r a t i o n s  were s i m i l a r  f o r  t h e  two t r e a t m e n t s .
T h e  g r o w t h  o f  f l a g e l l a t e s  on  b a c t e r i a  I n  t h e  p r e s e n c e  o f  BCSF m e d i a  
c o m p a r e d  f a v o r a b l y  w i t h  t h e i r  g r o w t h  o n  b a c t e r i a  r e s u s p e n d e d  I n  
e s t u a r l n e  w a t e r .  No p r o n o u n c e d  d i f f e r e n c e s  o c c u r r e d  b e t w e e n  t h e s e
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T a b l e  I I I . l
M o rp h o m o t r i e  C h a r a c t e r i s t i c s  o f  C o l o r l e s s  F l a g e l l a t e  S p a c l e a ,
f l a g e l l a t e chaps l e n g t h  
mean+SD (um)
w i d t h  volume ,  
mean+SD (uo)  (um )
P .  v e s t l t a s p h e r e 7. 8 ± 0 .3 248
c h r y s o m o n a d  1 s p h e r e A .5 + 0 .2 Aft
b o d o n l d  1 e l l i p s o i d 7 , 5 + 0 . 2 3 . 3 + 0 . 2  43
b o d o n l d  2 e l l i p s o i d 4 . 6+ 0 ,3 2 . 5 ± 0 . 1  17
c h o a n o f l a g e l l a t e  1 s p h e r e  2 . 6 ± 0 , 2 9. 2
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T a b l e  1 1 1 ,2
F l a g e l l a t e  C o n c e n t r a t i o n s  A f t e r  40 Hour s  Growth  on  BCSF, BCSF 4 
B a c t e r i a ,  B a c t e r i a ,  a n d  A n t i b i o t i c  C o n t r o l .
f l a g e l l a t e t r e a t m e n t f l a g e l l a t e , c o n c e n t r a t i o n  
c e l l s  x  10 /m l  
mean 4 SO, n -3
P.  v e s t i t a BCSF < .01
BCSF + b a c t e r i a 139 4 8 3 . 0
b a c t e r i a 202 4 9 5 . 7
a n t i b i o t i c  c o n t r o l 257 4 5 7 . 9
c h r y s o m o n a d  1 BCSF < ,01
BCSF 4 b a c t e r i a 319 4 129
b a c t e r i a 220 4 9 5 . 4
a n t i b i o t i c  c o n t r o l 403 4 124
b o d o n l d  1 BCSF < .01
BCSF + b a c t e r i a 262 4  102
b a c t e r l a 190 4 B 8 .4
a n t i b i o t i c  c o n t r o l 241 4  104
b o d o n l d  2 BCSF < .0 1
BCSF + b a c t e r i a 398 4 7 4 . 0
b a c t e r i a 266 4 8 7 . 2
a n t i b i o t i c  c o n t r o l 381 4 5 9 . 6
c h o a n o f l a g e l l a t e  1 BCSF < .0 1
BCSF 4 b a c t e r i a 6 1 . 4  4 3 7 , 8
b a c t e r i a 104 4 6 5 . 3
a n t i b i o t i c  c o n t r o l 5 1 .9  4  1 5 . 6
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t r e a t m e n t s  f o r  a n y  s p e c i e s .  £ .  y p p t i t p  e h o a n o f l e g *  H a t e  1 b o t h  
e x h i b i t e d  h i g h e r  c e l l  c o n c e n t r a t i o n s  w i t h  t h e  r e s u s p e n d e d  b a c t e r i a  w h i l e  
t h e  o t h e r  t h r e e  s p e c i e s  h a d  h i g h e r  c e l l  c o n c e n t r a t i o n s  I n  t h e  p r e s e n c e  
o f  BCSF.
C h a n g e s  I n  t h e  s h a k i n g  r a t e  d i d  n o t  h a v e  m a j o r  e f f e c t s  on  t h e  
s p e c i f i c  g r o w t h  r a t e s  o f  t h e  f l a g e l l a t e s  ( F i g u r e  I I I . l ) ,  a x c e p t  f o r  
b o d o n l d  2 w h i c h  was  u n a b l e  t o  grow a t  200 rpm, t h e  h i g h e s t  r a t e  o f  
s h a k i n g , H ow ever ,  t h e  g r o w t h  r a t e s  o f  b o d o n l d  2 a t  t h e  o t h e r  t h r e e  
s p e e d s  w e r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  ( p - 0 . 0 6 5 )  when com pared  by  
ANCOVA ( T a b l e  I I I . 3 ) .  £ .  v e s t l t a  e x h i b i t e d  n o  s i g n i f i c a n t  d i f f e r e n c e s
(p—0 . 0 0 3 )  In g r o w t h  a t  t h e  d i f f e r e n t  s h a k i n g  s p e e d s .  V h l l e  ANCOVA 
i n d i c a t e d  t h a t  s h a k i n g  d i d  h a v e  a  s i g n i f i c a n t  e f f e c t  on  t h e  g r o w t h  r a t e  
o f  c h o a n o f l a g e l l a t e  1 ,  no  s i g n i f i c a n t  d i f f e r e n c e s  among t h e  l e v e l s  were 
I n d i c a t e d  b y  t h e  S t u d e n t - N e w m a n - K e u l s  t e s t  ( p -  0 . 0 5 ) .  No s i g n i f i c a n t  
d i f f e r e n c e s  I n  g r o w t h  r a t e  o c c u r r e d  among 1 0 0 ,  150 a n d  200 rpm f o r  b o t h  
b o d o n l d  1 o r  c h r y s o m o n a d  1.  O n ly  f o r  c h o a n o f l a g e l l a t e  1 was t h e r e  a  
s i g n i f i c a n t  d i f f e r e n c e  I n  g r o w t h  r a t *  a t  e a c h  s h a k i n g  s p e e d .  T h i s  was 
a l s o  t h e  o n l y  s p e c i e s  t o  show  a n  i n c r e a s e  I n  g r o w t h  r a t e  f o r  e a c h  
s u c c e s s i v e l y  g r e a t e r  s h a k i n g  r a t e .  A l l  o t h e r  s p e c i e s  showed  a  d e c r e a s e d  
g r o w t h  w i t h  t h e  g r e a t e s t  a m o u n t  o f  s h a k i n g  ( 2 0 0  r p m ) .  A l l  s p e c i e s  b u t  
£ .  v e s t l t a  showed  a n  I n c r e a s e  I n  g r o w t h  a t  100  rpm c o m p a r e d  t o  0 rpm. 
C hrysom onad  1 a n d  b o d o n l d  1 g rew  f a s t e s t  a t  100  rpm w h i l e  b o d o n l d  2 and  
£< v e s t l t a  g r ew  f a s t e s t  a t  150 rpm. A l l  s u c c e s s i v e  e x p e r i m e n t s  u s e d  a 
s h a k i n g  s p e e d  o f  100  rpm f o r  a l l  s p e c i e s .  The d i s s o l v e d  oxygen  
c o n c e n t r a t i o n ,  m e a s u r e d  a t  2k  h o u r s ,  i n  t h e  f l a s k s  w i t h  no  s h a k i n g  
a v e r a g e d  6 . 1  mg/1 f o r  a l l  s p e c i e s  w h i c h  v a s  m a r k e d l y  l o v e r  t h a n  i n  
f l a s k s  w i t h  s h a k i n g  w h i c h  a v e r a g e d  7 . 8  m g / 1 .
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F i g u r e  I I I . l  E f f e c t s  o f  s h a k i n g  on g r o w t h  r i t e *  o f  f i v e  s p e c i e s  
o f  c o l o r l e s s  f l a g e l l a t e s .
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T a b l e  1 1 1 ,3
S p e c i f i c  Growth  R a t e s  o f  C o l o r l e u *  F l a g e l l a t e s  a t  F our  S h a k i n g  S p e e d s ,
A, P a r a p h v s o m o n a s  v e s t I t a
S h a k i n g  g r o w t h  , d i v i s i o n s  c o r r e l a t i o n  r e s i d u a l  r e s i d u a l
( rp m )  r a t e  (h  ) d a y  c o e f f i c i e n t  55 d . f .
0  0 . 0 8 2  2 . 8  . 941  3 , 5 8  10
100 0 . 0 7 2  2 . 7  . 978  1 . 1 8  10
150  0 .0 B 7  3 . 0  , 973  1 . 8 0  10
200 0 . 0 6 9  2 . 4  . 958  1 . 8 0  10
P o o l e d  0 . 3 4  40
C o m o n  9 , 8 1
d . f  -  3 , 4 0 ,  F -  2 . 3 5 5  p - 0 . 0 8 6
B . c h r y s o m o n a d  1
S h a k i n g  g r o w t h  . d i v i s i o n s  c o r r e l a t i o n  r e s i d u a l  r e s i d u a l
( r p n )  r a t e  ( h " ) d a y '  c o e f f i c i e n t  SS d . f .
0  0 . 0 7 7  2 . 7  .95  4 . 2 4  9
100 0 , 1 2  4 . 2  . 9 1 8  1 1 . 4  10
150 0 , 1 2  4 . 2  . 9 2 9  9 . 5 9  10
200 0 . 1 0  3 . 6  . 956  4 . 2 7  10
P o o l e d  2 9 . 6  39
CoBBon 4 4 . 5
d . f  -  3 , 3 9 ,  F -  6 . 5 9 .  p - . 0 0 1
S t u d e n t - N e w m a n - K e u l s  t e s t  f o r  s i g n i f i c a n t  d i f f e r e n c e s  among g r o w t h  
r a t e s .  B a r a  u n d e r l i n e  e q u a l  means ( a l p h a  — 0 . 0 5 ) .
1QD. 150  200 0
C. b o d o n l d  1
S h a k i n g  g r o w t h  . d i v i s i o n s  c o r r e l a t i o n  r e s i d u a l  r e s i d u a l
( rp m )  r a t e  ( h '  ) day*  c o e f f i c i e n t  55 d . f .
0 0 . 0 4 7 1 . 6 .8 9 0 4 . 6 5 13
100 0 . 0 8 1 2 . 8 .656 9 . 4 9 10
150 0 . 0 7 5 2 . 6 .914 8 , 9 8 13
200 0 . 0 5 7 2 . 0 .910 5 . 5 7 13
F o o l e d 2 8 . 7 49
Common 3 8 . 9
d . f  -  3 , 4 9 ,  F -  5 . 8 3 ,  p  - . 0 0 1 7
12
T ab le  111 . 3 ( c o n t in u e d )
S t u d e n t - N e w m a n - K e u l s  t e s t  f o r  s i g n i f i c a n t  d i f f e r e n c e s  a m ong  g r o w t h  
r a t e s .  B a r s  u n d e r l i n e  e q u a l  n e a n s  ( a l p h a  -  0 . 0 5 ) .
1 0 0  I S O  2 0 0  0
D. b o d o n l d  2
S h a k i n g  g r o w t h  , d i v i s i o n s  c o r r t l a t i o n  r e s i d u a l  r e s i d u a l
( r p m )  r a t e  (h  ) day  c o e f f i c i e n t  SS d . f .
o a.  oe 2 . 3 .985 1 .66 13
100 0 . 11 3.7 .861 16 , 2 10
150 0 . 11 3.9 ■ 875 1 5 . 9 10
200 ..........
F o o l e d 33 . 8 33
Common 4 2 . 2 —
d . f  -  2 . 3 7 ,  F - 2.966 p - . 0 6 3 8
E. c h o a n f  l e g e  H a t e  1 
S h a k i n g  g r o w t h  , d i v i s i o n s  c o r r t l a t i o n  r e s i d u a l  r e s i d u a l
( r p m )  r a t e  ( h  ) day* c o e f f i c i e n t  SS d . f .
0 0 . 029 1 . 0 . 769 3 . 9 5 13
100 0 . 049 1 . 7 .933 2.  89 13
150 0 . 065 2 . 3 .941 4 . 6 0 13
200 0 . 078 2 . 7 ,975 2 . 6 4 13
F o o l e d 1 4 . 1 52
Common 3 6 . 8 —
d . f  -  3 , 5 2 ,  F -  2 B .0 .  p  < .0 0 1
S t u d e n t ' H e w n a n ' K a u l e  t e a t  f o r  s i g n i f i c a n t  d i f f e r e n c e s  among g r o w t h  
r a t e s .  B a r s  u n d e r l i n e  e q u a l  means ( a l p h a  -  0 . 0 5 ) .
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A l l  f i v e  s p e c i e s  o f  f l a g e l l a t e s  were  e u r y h s l l n e  a n d  a b l e  t o  grow a t  
s a l i n i t i e s  r a n g i n g  from b ° /o o  t o  3 5 ° / ° °  ( F i g u r e  I I I ,  2 ) .  B o t h  
c h ry s o m o n a d  1 a n d  b o d o n l d  2 s h o v e d  no  s i g n i f i c a n t  d i f f e r e n c e s  ( p - 0 . 0 5 )
In  s p e c i f i c  g r o w t h  r a t e s  a t  any  s a l i n i t y  ( T a b l e  1 1 1 . 4 ) .  No s i g n i f i c a n t  
d i f f e r e n c e s  I n  s p e c i f i c  g r o w th  r a t e  o c c u r r e d  a t  s a l i n i t i e s  r a n g i n g  from 
5 ° / o o  t o  2 5 ° / o o  f o r  £ .  v e s t l t a  a n d  f rom  l 5 ° / o o  t o  3 5 ° / o o  f o r  
c h o a n o f l a g e l l a t e  1 . Chrysomonad  1 v a s  t h e  o n l y  s p e c i e s  whose  g r o w th  
r a t e  w a s  l e s s  a t  t h e  l o w e s t  s a l i n i t y ,  b u t  t h i s  d i f f e r e n c e  was  n o t  
s i g n i f i c a n t .  F o r  £ ,  v e s t l t a . b o d o n l d  1,  a n d  b o d o n l d  2 t h e  s p e c i f i c  
g r o w t h  r a t e s  d e c r e a s e d  w i t h  I n c r e a s i n g  s a l i n i t y .
T e m p e r a t u r e  h a d  a  s i g n i f i c a n t  e f f e c t  o n  t h e  s p e c i f i c  g r o w t h  r a t e s  
o f  a l l  s p e c i e s  o f  f l a g e l l a t e s  ( T a b l e  H I .  5 ) .  B o d o n l d  1 a n d  
c h o a n o f l a g e l l a t e  1 e x h i b i t e d  m ax im a l  g r o w t h  r a t e s  a t  21°C w h i l e  b o d o n l d  
2,  c h r y s o m o n a d  1 a n d  £ .  v e s t l t a  e x h i b i t e d  m a x im a l  g r o w t h  r a t e s  a t  26 E 
( F i g u r e  I I I . 3 ) ,  The g r o w t h  r a t e s  o f  b o d o n l d  2 d e c l i n e d  s h a r p l y  a t  
t e m p e r a t u r e s  a b o v e  a n d  b e l o w  i t s  o p t i m a l  t e m p e r a t u r e  f o r  g r o w t h ,  w h i l e  
t h e  o t h e r  s p e c i e s  m a i n t a i n e d  h i g h  g r o w t h  r a c e s  o v e r  a  v i d e  r a n g e  o f  
t e m p e r a t u r e s .  The  s p e c i f i c  g r o w t h  r a t e s  o f  a l l  s p e c i e s  e x c e p t  £ .  
v e s t l t a  d e c l i n e d  s h a r p l y  f rom  26°C  t o  3 l ° C .  £ .  v e s t l t a  h a d  a  h i g h e r
o p t i m a l  t e m p e r a t u r e  f o r  g r o w t h  t h a n  t h e  o t h e r  s p e c i e s '  t h e r e  was no 
s i g n i f i c a n t  d i f f e r e n c e  i n  I t s  g r o w t h  r a t e  b e t w e e n  26°C a n d  31°C.  Growth 
r a t e a  f o r  a l l  s p e c i e s  d e c l i n e d  w i t h  d e c r e a s i n g  t e m p e r a t u r e s  b e lo w  21°C 
and  w e r e  l e s s  t h a n  1 . 0  d l v l s l o n s / d a y  a t  5°C.  The g r o w t h  r a t e s  o f  a l l  
s p e c i e s  ( e x c e p t  £ .  v e s t l t a ) d e c l i n e d  a h a r p l y  a t  t e m p e r a t u r e s  a b o v e  t h e  
o p t i m a l  t e m p e r a t u r e  f o r  g r o w th  a n d  d e c l i n e d  m ore  g r a d u a l l y  a t  
t e m p e r a t u r e s  b e l o w ,  £ .  v e s t l t a ' a g r o w t h  r a t e  may a l s o  d e c l i n e  s h a r p l y
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F i g u r e  I I I . 2 E f f e c t s  o f  s a l i n i t y  on  g row th  r a t e s  o f  f i v e  s p e c i e s  
o f  c o l o r l e s s  f l a g e l l a t e s .
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T ib ia  H I  .4
S p e c i f i c  Growth R a t e s  o f  F l a g e l l a t e s  a t  F o u r  S a l i n i t i e s .
A. F a r a p h v s o m o n a s  v e s i i t o  
s a l i n i t y  g r o w t h  , d i v i s i o n s  
( D/ 0 O )  r a t e  ( h ' 1 ) d a y ' 1
c o r r e l a t i o n
c o e f f i c i e n t
r e s  I d u a l
SS
r e s i d u a l
d . f .
5 0 .0 B 5 3 . 0 .9 5 3 3 . 0 7 10
15 0 . 0 8 4 2 . 9 .977 1 . 3 8 10
25 0 . 0 8 1 2 . 8 ,987 .7 1 0 10
35 0 . 0 5 3 1 . 8 .965 1 . 7 4 13
P o o l e d 6 . 9 1 43
C o t t o n 1 6 .4 —
d . f  -  3 , 4 3 ,  F -  1 9 . 7 , p < . 0 0 1
S t u d e n t  -Neuman- K e u l s t e s t  f o r  s i g n i f i c a n t  d i f f e r e n c e s  among g r o w t h
r a t e s .  B a r s  u n d e r l i n e  e q u a l  means ( a l p h a  -  0 , 0 5 ) .
5 - 1 5  25 35
B . c h r y s o m o n a d  1
s a l i n i t y g r o w t h  ^, d i v i s i o n s c o r r e l a t i o n r e s i d u a l r e s i d u a l
C / 0 0 ) r a t e  (h  ) d a y c o e f f i c i e n t SS d . f .
5 0 . 0 9 3 3 . 2 .956 1 4 . 3 9
15 0 . 1 2 4 . 1 .957 3 , 4 0 10
25 0 . 1 2 4 , 0 .972 5 .3 2 10
35 0 , 1 1 3 . 8 .876 3 .3 2 8
P o o l e d 2 6 . 3 37
Common 2 9 . 5 —
d . f  -  3 . 4 3 ,  F -  2 . 6 8 . p - . 0 5 9
C. b o d o n l d  1
s a l i n i t y g r o w t h  , d i v i s i o n s c o r r e l a t i o n r e s i d u a l r e s  1d u a l
C / O 0 ) r a t e  (h  ) d a y c o e f f i c i e n t SS d . f .
5 0 . 1 1 3.  B .954 4 . 8 0 10
15 o . o s o 2 . 8 .936 6 . 0 6 10
25 0 , 0 7 8 2 . 7 .968 3 . 4 6 10
35 0 . 0 6 1 2 . 1 .973 1 . 6 6 13
P o o l e d 1 6 . 0 43
Copanon 2 9 . 1
d . f  -  3 , 4 3 ,  F -  1 1 . 7 ,  p < -0 0 1
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Table 1 1 1 ,4  ( c o n t in u e d )
S t u d e n t - N e w m a n - K e u l e  t e s t  f o r  s i g n i f i c a n t  d i f f e r e n c e s  among g r o w t h  
r a t e s .  B a r s  u n d e r l i n e  e q u a l  means ( a l p h a  -  0 . 0 5 ) .
5 15 25 35
D. b o d o n l d  2 
s a l i n i t y  g r o w t h  ,
< /D O )  r a t e  ( h  )
d i v i s i o n s
day
c o r r e l a t i o n
c o e f f i c i e n t
r e s i d u a l
SS
r e s i d u a l
d . f .
5 0 , 1 0 3 .5 .924 6 , 7 5 7
15 0 . 0 9 0 3 .1 .941 8 , 7 1 13
25 0 . 0 8 8 3.1 .931 1 0 . 0 13
35 0 . 0 7 9 2 .7 .984 1 .7 1 13
F o o l e d 6 .90 46
Common 29 .9 —
d . f  -  3 , 5 2 .  F  -  2 . 0 2 , p  -  0 . 1 2 2
E. c h o a n o f l a g e l l a t e  1
s a l i n i t y  g r o w t h  , d i v i s i o n s c o r r e l a t i o n r e s i d u a l r e s i d u a l
( / o o > r a t e  ( h  ) day c o e f f i c i e n t SS d . f .
5 0 . 0 2 4 1 .2 .876 1 , 1 3 10
15 0 . 0 8 0 2. B .955 5 . 2 0 13
25 0 . 0 8 4 2 , 9 .908 1 2 . 2 13
35 0 . 0 8 5 3 . 0 .954 5 . 9 7 13
P o o l e d 2 4 . 5 49
Common 64 .5 —
d . f  -  3 , 4 9 .  F  -  2 6 . 6 , p  < .001
S t u d e n t - Newman-Keuls t e a t  f o r  s i g n i f i c a n t  d i f f e r e n c e s  among g r o w t h
r a t e s . B a r s  u n d e r l i n e  e q u a l  means ( a l p h a  *  0 . 0 5 ) ,
55 2 5  15  5
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T a b l e  I I I . 5
S p e c i f i c  Growth R a te *  o f  F l a g e l l a t e s  a t  F i v e  T e m p e r a t u r e s .
A. P a rap h v s o m o n a s  y e s t l t a
t e m p e r a t u r e  g r o w t h  . d i v i s i o n s  c o r r e l a t i o n  r e s i d u a l  r e s i d u a l
( C) r a t a  ( h ’ ) day c o e f f i c i e n t  SS d . f .
5 0 . 0 1 3 0 . 4 6 .058 2 4 .8 10
13 0 . 0 3 8 1 . 3 .369 4 3 . 8 13
21 0 . 0 7 4 2 .6 .966 3 .3 6 13
26 0 . 0 9 8 3 .9 .963 3 .2 2 10
31 0 . 0 9 4 3 .3 .753 2 5 .3 10
F o o l e d 101. 56
coamon 277.
d . f  -  4 , 5 6 ,  F -  7 . 3 4 ,  p  < .0 01
S t u d e n t - N e v m a n - K e u l t  t e a t  f o r  s i g n i f i c a n t  d i f f e r e n c e s  among g r o w t h  
r a t e s .  Bars  u n d e r l i n e  e q u a l  means ( a l p h a  -  0 , 0 5 ) .
26 31  21 12  J
B. c h ry som ona d  1
t e m p e r a t u r e  g r o w t h  1 d i v i s i o n s
day
c o r r e l a t i o n r e s i d u a l r e s i d u a
< C) r a t e  (h  ) c o e f f i c i e n t SS d . f .
5 0 . 0 2 0 0 .6 8 .115 50.8 13
13 0 . 0 8 7 3 . 0 .908 13.2 13
21 0 . 1 3 4 . 6 .940 8 .2 9 10
26 0 . 1 3 4 . 6 .928 1 2 .1 10
31 0 . 0 2 1 .72 .154 1 9 .2 7
P o o l e d 104. 53
Common 241. —
d . f  -  4 , 5 3 .  F -  1 7 . 6 ,  p  < .0 0 1
S t u d e n t  - Newman *Keu ls  t e s t  f o r  s i g n i f i c a n t  d i f f e r e n c e s  among g rowth  
r a t e s .  Bars  u n d e r l i n e  e q u a l  means ( a l p h a  — 0 . 0 5 ) .
26 n  13 31 5
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Table I I I . 5 ( c o n t in u e d )
C. b o d o n l d  1
t e m p e r a t u r e  g row th  . d i v i s i o n s  c o r r e l a t i o n  r e a l d u a l  r e s i d u a l
( C) r a t e  (h"  ) d a y '  c o e f f i c i e n t  SS d , f .
5 0 .0 2 0 0 . 7 1 .670 3 . 1 2 10
11 0 .0 5 8 2 . 0 .991 .467 10
21 0 .1 1 3 .8 .992 .694 7
26 0 . 1 0 3 .5 ,995 .366 7
31 0 .0 5 2 1 .8 .947 2 . 2 7 10
P o o le d 6 , 9 2 44
Common 6 4 . 2
d . f  -  4 , 4 4 ,  F -  9 1 . 1 ,  p < .0 0 1
Studen t-Newm an-K eu ls  t e s t  f o r  s i g n i f i c a n t  d i f f e r e n c e s  among g r o w th  
r a t e * .  B a ra  u n d e r l i n e  e q u a l  means ( a l p h a  -  0 . 0 5 ) .
21 26 13.. 31 5
D. b o d o n l d  2
t e m p e r a t u r e  g row th  . d i v i s i o n s  c o r r e l a t i o n  r e s i d u a l  r e s i d u a l
( C) r a t e  ( h ' 1 ) day  c o e f f i c i e n t  SS d . f .
5 0 .0 2 2 0 . 7 6 .843 1 . 5 4 13
13 0 ,0 5 2 l . B .944 2 . 7 6 13
21 0 . 1 2 4 . 1 .962 2 . 3 0 10
26 0 . 1 8 6 .1 .993 .725 7
31 0 .0 6 7 2 .3 .954 3 , 7 5 13
P o o l e d 1 0 . 9 56
Common 112. —
d . f  -  4 . 4 4 ,  F -  9 1 . 1 ,  p < .0 0 1
S tuden t-Newm an-K eula  t e a t  f o r  s i g n i f i c a n t  d i f f e r e n c e s  among g r o w th  
r a t e s .  B a r a  u n d e r l i n e  e q u a l  means ( a l p h a  -  0 . 0 5 ) .
2 1  1 1  n  i
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T a b l e  11 1 ,5  ( c o n t i n u e d )
E, c h o a n o f l a g e l l a t e  1
t e m p e r a t u r e  g r o w t h  . d i v i s i o n s  c o r r e l a t i o n  r e s i d u a l  r e s i d u a l
( C) r a t e  (h"  ) d a y "  c o e f f i c i e n t  SS d . f .
5 0 . 0 0 6 0 0 . 2 1 . 740 .222 13
13 0 . 0 2 0 0 , 7 0 .9 8 1 .141 13
21 0 . 0 7 7 2 . 7 . 9 7 3 2 . 8 4 13
26 0 . 0 6 9 2 . 4 . 9 5 2 4 . 1 0 13
31 0 . 0 1 3 0 . 4 6 . 880 .408 13
F o o t e d 7 . 7 1 65
Common 8 4 .3 —
d . f  -  4 . 6 5 ,  F -  1 6 1 . ,  p < . 0 0 1
S t u d e n t - N e w a a n - K e u l s  t e s t  f o r  s i g n i f i c a n t  d i f f e r e n c e s  among g r o w t h  
r a t e s .  B a r s  u n d e r l i n e  e q u a l  means ( a l p h a  — 0 . 0 5 ) ,
21 Zfe 13 31 5
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F i g u r e  1 1 1 >3 E f f e c t s  o f  t e m p e r a t u r e  on  g r o w t h  r a t e s  o f  f i v e  s p e c i e s  
o f  c o l o r l e s s  f l a g e l l a t e s .
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above  t h e  o p t im a l  t e m p e r a t u r e  b u t  a u f f i c l e n t l y  h i g h  t e m p e r a t u r e s  were  
n o t  t a s t e d .
F l a g e l l a t e  g r o w t h  r a t e s  a t  f o u r  c o n c e n t r a t i o n s  o f  the  b a c t e r i u m  
Pseudomonas  m ar ina  a r e  g i v e n  In T a b l e  1 1 1 , 6 a .  The s p e c i f i c  g row th  r a t e s  
o f  £,  v e s t l t a . chryaomonad 1 and bo  don Id 1 i n c r e a s e d  f o r  e a c h  
s u c c e s s i v e l y  h i g h e r  c o n c e n t r a t i o n  o f  b a c t e r i a ,  w h i l e  the  s p e c i f i c  g ro w th  
r a t e s  o f  b odon ld  2 i n c r e a s e d  on ly  up  to  100 x 10^ b a c t e r l a / m l  and t h e n  
d e c l i n e d  a t  500 x 10^ c e l l s / m l ,  t h e  h i g h e s t  b a c t e r i a l  c o n c e n t r a t i o n .  
A l t h o u g h  t h e  s p e c i f i c  g rowth r a t e s  i n c r e a s e d  w i th  I n c r e a s i n g  b a c t e r i a l  
c o n c e n t r a t i o n ,  t h e y  were n o t  a lw ays  s l g n l f I c a n t l y  d i f f e r e n t .  Ho 
s i g n i f i c a n t  d i f f e r e n c e s  o c c u r r e d  among t h e  g rowth  r a t e s  a t  5 0 ,  100, a n d  
500 X l O ^ c e l l a / m l  f o r  £.  v e s t l t a  a n d  no s i g n i f i c a n t  d i f f e r e n c e  o c c u r r e d  
b e t w e e n  50  and 100 X 1 0 ^ c c l l s / m l  f o r  ch rye onions d 1.  Only b o d o n l d  1 
showed a  s i g n i f i c a n t  d i f f e r e n c e  a t  e a c h  s u c c e s s i v e l y  h i g h e r  
c o n c e n t r a t i o n  o f  b a c t e r i a .
The r e s p o n s e  o f  a  m i c r o o r g a n i s m ' a  g r o w th  r a t e  t o  c h a n g e s  In a 
l i m i t i n g  n u t r i e n t  c a n  be modeled by  a  h y p e r b o l i c  f u n c t i o n  w h i c h  i s  a  
c h a r a c t e r i s t i c  o f  M i c h a e l i * - H e n t e n  k i n e t i c s  ( P i r t ,  1 9 7 5 ) ,  I f  the  
b a c t e r i a l  c o n c e n t r a t i o n  i s  l i m i t i n g ,  such a  r e s p o n s e  can  be  d e s c r i b e d  by 
t h e  e q u a t i o n ,  u - u ^ s / ( s+K^) where u l a  the  s p e c i f i c  g row th  r a t e  (h a t  
a  b a c t e r i a l  c o n c e n t r a t i o n  s ,  t i  t h e  maximum s p e c i f i c  g r o w t h  r a t e ,  and  
i s  t h e  b a c t e r i a l  c o n c e n t r a t i o n  a t  which t h e  s p e c i f i c  g r o w t h  r a t e  l a  
o n e  h a l f  o f  the  maximum, When t h e  s p e c i f i c  g rowth  r a t e s  o f  t h e  
f l a g e l l a t e s  a re  p l o t t e d  a g a i n s t  a l i n e a r  s c a l e  o f  b a c t e r i a l  
c o n c e n t r a t i o n ,  s a t u r a t i n g  c u r v e s  s u g g e s t i v e  o f  M i c h a e l  i s - H e n t e n  k i n e t i c s  
r e s u l t  ( F i g u r e  1 1 1 , 4 ) .  S u f f i c i e n t  d a t a  to  s t a t i s t i c a l l y  t e a t  the f i t  o f  
s u c h  a m o d e l  was n o t  o b t a i n e d  bu t  a p p r o x i m a t e  v a l u e s  f o r  t h e  p a r a m e t e r s
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Table 111.6a
S p e c i f i c  Growth R a t e s  o f  F l a g e l l a t e s  a t  Four  C o n c e n t r a t i o n *  o f  B a c t e r i a .
A. Fa r a p h v s  on ona  a v e s t l t a
b a c t e r i a  g r o w t h  d i v i s i o n s  c o r r e l a t i o n  r e s i d u a l  r e s i d u a ]
(X 10 / m l )  ( h ’ 1 ) d a y  c o e f f i c i e n t  SS d . f .
10 0. 078 2 . 7 .967 1 . 76 10
so 0. 093 3.2 . 969 2 . 39 10
100 0. 10 3 . 5 .974 2 . 36 10
500 0 . 11 3.8 ,985 1 . 53 10
F o o l e d 8 . 03 40
Common 12.7
d . f  -  3 . 4 0 .  F -  7 . 8 1 ,  p < .0 0 1
S tu d e n t -N e w m a n-K e u ls  t e a t  f o r  s i g n i f i c a n t  d i f f e r e n c e s  among g rowth  
r a t e * .  B a r s  u n d e r l i n e  e q u a l  means ( a l p h a  -  0 , 0 5 ) .
500 100 50 10
B. ch ry s o m o n a d  1
b a c t e r i a  g r o w t h  
(X 10 / m l )  ( h  )
d i v i s i o n s
day"
c o r r e l a t i o n
c o e f f i c i e n t
r e s i d u a l
SS
r e s i d u a l
d . f .
10 0 . 045 1.5 .782 9. 59 13
50 0.11 4 . 0 .985 1. 65 10
100 0.12 4 . 2 .977 3. 04 10
500 0.14 5 . 0 .986 2. 66 10
F o o le d 16.9 43
Common 91.2 —
d . f  -  3 , 4 3 ,  F -  6 2 . 8 ,  p <.001
S tu d e n t -H e w m a n-K e u ls  t e s t  f o r  s i g n i f i c a n t  d i f f e r e n c e s  among g row th  
r a t e s .  B a r s  u n d e r l i n e  e q u a l  means ( a l p h a  -  0 . 0 5 ) .
500 100 50 10
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T ab le  I I I . 6 a  ( c o n t in u e d )
C. b o d o n l d  1
b a c t e r i a  g r o w t h  
(X 10 / m l )  ( h * 1 )
d i v i s i o n s
d a y
c o r r e l a t i o n
c o e f f i c i e n t
r e s i d u a l
SS
r e s i d u a l
d . f .
10  0 . 0 6 5 2 . 2 .924 2 .9 6 10
50  0 . 0 8 5 3 . 0 .981 1 .2 1 10
100  0 . 1 0 3 . 5 .986 1 .2 6 10
500  0 . 1 2 4 . 1 .991 1 .1 5 10
P o o l e d 6 . 6 0 40
Common 2 0 . 5 -
d . f  -  3 , A 0 , F -  2 8 . 1 , p < .0 0 1
S t u d e n t - N e w m a n - K e u l s t e s t  f o r  s i g n i f i c a n t  d i f f e r e n c e s  among g rowth
r a t e s .  B a r s  u n d e r l i n e  e q u a l  means ( a l p h a  -  0 . 0 5 ) .
SOO 100  50  10
D. b o d o n l d  2
b a c t a r l a  g r o w t h d i v i a I o n s c o r r e l a t i o n r e s i d u a l r e s i d u a l
( x l O  / m l )  ( h  A) d a y c o e f f i c i e n t S S d . f .
10  0 . 0 5 6 1 . 9 .886 3 . 4 8 10
5 0  0 . 1 1 3 .7 . 97A 2 . 5 6 10
1 00  0 . 1 3 A . 5 .987 1 . 9 0 10
5 0 0  0 . 1 0 3 . A .965 3 .1 3 ID
P o o l e d 1 1 . 1 40
Common 3 5 . 5 —
d . f  -  2,1*0, F -  2 9 . A, p  < .0 0 1
S t u d e n t - N e w m a n - K e u l s  t e s t  f o r  s i g n i f i c a n t  d i f f e r e n c e s  among g rowth  
r a t e s .  B a r s  u n d e r l i n e  e q u a l  means ( a l p h a  -  0 . 0 3 ) .
100 50 500 10
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F i g u r e  I I I . 4 E f f e c t s  o f  b a c t e r i a l  c o n c e n t r a t i o n  o n  g r o w t h  r a t e s  
o f  f o u r  s p e c i e s  o f  c o l o r l e s s  f l a g e l l a t e s .
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ware  a * t i n * t o d  b y  l i n e a r  r e g r e s s i o n *  o f  double  r e c i p r o c a l  
t r a n s f o r m a t i o n *  o f  t h e  d a t a ,  a L ine  we a v e r  -Burke t r a n s f o r m a t i o n  ( T a b le  
I I I . 6 b ) ,  D a t a  o b t a i n e d  from b a t c h  c u l t u r e *  a r e  b i a s e d  b e c a u s e  n u t r i e n t  
c o n c e n t r a t i o n s  do  n o t  r e m a i n  c o n s t a n t ,  b u t  t h e y  can s t i l l  be  used  t o  
c a l c u l a t e  a p p r o x i m a t i o n *  o f  the  t r u e  k i n e t i c  p a r a m e t e r s  ( B a i l e y  and  
0 1 1 1 a ,  1 9 8 1 ) .  The  s p e c i f i c  growth r a t e  a t  SO X 1 0 ^ c e l l s / m l  was n o t  
I n c l u d e d  i n  c a l c u l a t i n g  t h e  k i n e t i c  p a ra m e t e r*  f o r  b odon ld  2, The 
l a r g e s t  was o b t a i n e d  w i t h  chrysomonad 1, f o l l o w e d  by b o d o n l d  2, 
b o d o n l d  l , a n d  £ .  v e s t l t a . K ^ v a l u e s  showed t h e  same r an k  o r d e r .
F o r  e a c h  s p e c i e s  o f  f l a g e l l a t e ,  the  number o f  c e l l s  p r o d u c e d  was 
l i n e a r l y  r e l a t e d  t o  t h e  I n i t i a l  c o n c e n t r a t i o n  o f  b a c t e r i a  ( F i g u r e  
1 1 1 . 5 ) ,  Y i e l d  f o r  e a c h  f l a g e l l a t e  (T a b le  I I I . 7)  was c a l c u l a t e d  from t h e  
s l o p e  o f  t h e  l i n e  r e l a t i n g  t h e  f i n a l  c o n c e n t r a t i o n  o f  e a c h  f l a g e l l a t e  
( d r y  w e i g h t )  t o  t h e  I n i t i a l  c o n c e n t r a t i o n  o f  b a c t e r i a  ( d r y  w e i g h t )  . The 
l i n e s  a l l  h a d  c o r r e l a t i o n  c o e f f i c i e n t s  e x c e e d i n g  0 .9 0 ,  b u t  each  was 
c a l c u l a t e d  f rom  o n l y  t h r e e  d a t a  p o i n t s .  Y i e l d s  r an g e d  f rom  0 ,3 0  f o r  
b o d o n l d  1 t o  0 . 4 2  f o r  c h r y s o o o n a d  1.  The S t u d e n t - N e v n a n -K e u l s  t e s t  
I n d i c a t e d  t h a t  o n l y  t h a  l a r g e s t  and  s m a l l e s t  y i e l d s  were j u s t  
s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  5% s i g n i f i c a n c e  l e v e l .
The  s p e c i f i c  g r o w t h  r a t e s  o f  £ .  v e s t l t a . when c u l t u r e d  on d i f f e r e n t  
I s o l a t e s  o f  b a c t e r i a ,  r a n g e d  from 0 . 1 0  h ^ on Ae commas  s n . t o  0 .0 73  h 1 
on  M i c r o c o c c u s  * p . ( T a b l e  1 1 1 . 8 ) .  A l though  t h e r e  were s i g n i f i c a n t  
d i f f e r e n c e s  I n  t h e  s p e c i f i c  g rowth  r a t e s  on t h e  d i f f e r e n t  b a c t e r i a l  
d i e t s ,  t h e  S tu d e n t - N e w m a n -K e u ls  t e s t  i n d i c a t e d  t h a t  no s i g n i f i c a n t  
d i f f e r e n c e s  e x i s t e d  among t h e  t o p  f o u r  fAeromonas a p . , £ .  m a r i n a . 
P se udom ona s  g p .  , and  t h e  gram p o s i t i v e  t o d )  d i e t s  g i v i n g  t h e  h i g h e s t  
g r o w t h  r a t e s .  The t h r e e  p o o r e s t  d i e t s  ( t h e  gram p o s i t i v e  r o d ,
T a b l e  1 1 1 . 6 b
Grovth KLnetic Parameters of F la g e l la te s  Cultured on Pseudomonas m a r i n a .
f l a g e l l a t e u 1
( h * 1 ) (X i o 7/ f i i )
r 7
P.  v e s t l t a 0 . 1 0 5 3 . 6 6 .969
qhryaom onad  1 0 . 1 5 8 2 5 . 3 .998
b o d o n l d  1 0 . 1 0 8 6 . 9 8 .957
b o d o n l d  2 0 . 1 4 4 15 . 9 .998
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F i g u r e  I I I . 5 E f f e c t s  o f  b a c t e r i a l  c o n c e n t r a t i o n  on y i e l d s  o f  f o u r  
s p e c i e s  o f  c o l o r l e s s  f l a g e l l a t e s .
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T a b l e  111 .7
Y i e l d s  o f  F l a g e l l a t e s  C u l t u r e d  on  Pseudom onas  m a r i n a .
f l a g e l l a t e y i e l d c o r r e l a t i o n
c o e f f i c i e n t
r e s i d u a l
S . s .
r e s i d u a l
d . f .
P.  v e s t l t a 0 . 3 6 0 . 9 8 5 7 . 9 7
c h r y s o m o n a d  1 0 . 4 2 0 . 9 8 5 3 . 3 7
b o d o n l d  1 0 . 3 5 0 . 9 1 160 . 7
b o d o n l d  2 0 . 3 0 0 . 9 7 6 1 . 4 7
p o o l e d 332 . 28
common 6 83 .
d . f .  -  3 , 2 8 ,  F -  4 . 2 2 ,  p  -  0 . 0 1 4
S t u d e n t - N e v ip a n - K e u le  t e a t  f o r  s i g n i f i c a n t  d i f f e r e n c e s  among y i e l d s .  
Bara  u n d e r l i n e  e q u a l  means ( a l p h a  “  0 . 0 5 ) .
ch ry som onad  1 £ ,  v e s t l t a  b o d o n l d  2 b o d o n l d  1
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T a b l e  1 1 1 . 8
S p e c i f i c  G ro w th  R a t e s  o f  F a r a p h v a p m o n a s  v e s t l t a  on 
S i x  I s o l a t e s  o f  B a c t e r i a .
b a c t e r i a l  g r o w t h  r a t e  
I s o l a t e  ( h '  )
d i v i s i o n s
d a y
c o r r e l a t i o n
c o e f f i c i e n t
r e s i d u a l
SS
r e s I d u a l  
d . f .
P.  m a r i n a 0 . 0 9 3 3 . 2 .997 .4 2 6 13
P se u d o m o n a s  s o . 0 . 0 9 0 3 . 1 .993 1 . 0 2 13
A e ro m o n a s  a s . 0 . 1 0 3 . 5 .997 .2 2 6 10
F l a v o b a c t e r  s d . 0 . 0 7 7 2 . 7 .995 .5 0 8 13
H i i r i i c o c c u a  a n . 0 . 0 7 3 2 , 5 .966 3 . 2 5 13
Cram+ r o d 0 . 0 8 7 3 , 0 .9 4 6 7 . 4 6 13
P o o l e d 1 2 . 9 75
Common 2 0 . 1 7
d . f  -  5 , 7 5 ,  F -  8 . 3 8 ,  p  < . 0 0 1
S t u d e n t - N e w m a n - K e u I s  t e s t  f o r  a i g i n L f l c a n t  d i f f e r e n c e s  among g r o w th  
r a t e s .  B a r s  u n d e r l i n e  e q u a l  m eans  ( a l p h a  -  0 . 0 5 ) .
A e r o m o n a s  £ .  a a l l n a  P se udom ona s  i £ .  gram+ r o d  F l a v o b a c t s r  H i c r o c p e c u s
9 0
f l a v o b a c t e r  ms. . ,  H l c r o c o c c i i s  h j . )  w e re  l i k e w i s e  n o t  s i g n i f i c a n t l y  
d i f f e r e n t .
DISCUSSION
The  I n a b i l i t y  o f  t h e  f l a g e l l a t e s  t o  grow o n  BCSF I n  t h e  a b s e n c e  o f  
b a c t e r i a  was e x p e c t e d .  S i m i l a r  s t r a i n s  o f  c o l o r l e s s  f l a g e l l a t e s  h a v e  
b e e n  d e m o n s t r a t e d  t o  h a v e  a p h a g o t r o p h i c  mode o f  n u t r i t i o n .  B r o o k e r  
( 1 9 7 1 )  d e s c r i b e d  t h e  f u n c t i o n a l  m o rp h o l o g y  o f  b a c t e r i a l  i n g e s t i o n  i n  two 
s p e c i e s  o f  b o d o n l d s  and  f o u n d  v a c u o l e s  c o n t a i n i n g  b a c t e r i a  I n  t h e  c e l l s .  
Haas  a n d  Uebb ( 1 9 7 9 )  e x a m i n e d  f i v e  s p e c i e s  o f  f l a g e l l a t e s  a n d  f o u n d  them 
u n a b l e  t o  t a k e  up  11 d i f f e r e n t  o r g a n i c  s u b s t r a t e s  I n  s o l u t i o n  i n c l u d i n g  
amino  a c i d s ,  g l y c e r o l ,  g l u c o s e  a n d  a c e t a t e .  E l e c t r o n  m i c r o g r a p h s  
d e m o n s t r a t e d  t h a t  t h e  f l a g e l l a t e s ,  w h i c h  I n c l u d e d  £ .  v e s t l t a . two o t h e r  
c h r y e o m o n a d s , a  b o d o n l d  a n d  a n  amphimonad,  were  i n g e s t i n g  b a c t e r i a .  
F e n c h e l  ( 1 9 8 2 a )  s t u d i e d  two c h ry s o n to n a d s  ( I n c l u d i n g  £ .  v e s t i t a l . a  
b l c o e c l d ,  a  b o d o n l d ,  a c h o a n o f l a g e l l a t e , a n d  a  h e l l o f l a g e l l a t e  a n d  fo u n d  
th em  a l l  t o  b e  p h a g o t r o p h l c .
Some f r e e - l i v i n g  p r o t o z o a ,  h o w e v e r ,  h a v e  b e e n  c u l t u r e d  a x e n l c a l l y  
on s o l u b l e  n u t r i e n t s .  The c h o a n o f l a g e l l a t e a  D l a o h a n o e c a  g r a n d l s  a n d  
f r e m i h o e g o p i l i  g p . h a v e  b e e n  c u l t u r e d  o n  a  m i x t u r e  o f  a c e t a t e ,  l i v e r  
c o n c e n t r a t e ,  a n d  v i t a m i n s  ( G o l d ,  e t  a l , ,  1 9 7 0 ) .  Two s t r a i n s  o f  t h e  
c o l o r l e s s  d i n o f l a g e l l a t e  C r v p t h e c o d l n l u n  c o h n l l  h a v e  b e e n  g rown  i n  
s i m p l e  d e f i n e d  m e d i a  w i t h  a  v a r i e t y  o f  c a r b o n  s o u r c e s  i n c l u d i n g  g l u c o s e ,  
g l y c e r o l ,  e t h a n o l ,  a n d  v a r i o u s  o r g a n i c  a c i d s  ( F r o v a s o l l  and  C o l d ,  1962;  
C o l d  a n d  B a r r e n ,  1 9 6 6 ) .  Q xyrph l i  m a r i n a . a b r a c k i s h  w a t e r  
d i n o f l a g e l l a t e  c a n  b e  c u l t u r e d  on a d e f i n e d  medium w i t h  e i t h e r  a c e t a t e  
o r  e t h a n o l  a s  a  c a r b o n  s o u r c e  (D roop ,  1 9 7 0 ) .  M a r i n e  d i l a t e  g e n e r a
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c u l t u r e d  o n  d e f i n e d  m e d i a  I n c l u d e  Uronema (Henna e n d  L i l l y ,  1972; Lee e t  
e l . ,  1 9 7 1 ) ,  M l a m l e n s l s . e n d  F a r a u r o n e m a  ( S o ld o  e n d  H e r l l n ,  1972) .
P e r e n a m e . e  c o l o r l e s s  e u g l e n o l d ,  he* b e e n  r e l e e d  I n  an  a x e n l c  c u l t u r e  on 
e m i l k - l e c i t h l n  medium ( A l l e n  e t  e l . ,  1 9 6 6 ) .
I n  e l l  t h e s e  e x a m p l e s ,  h o w e v e r ,  t h e  p r o t o z o a  w e re  a l s o  c a p a b l e  o f  
g r o w t h  on  a  b a c t e r i a l  d i e t .  P r o t o z o a  r a i s e d  D ti  d i s s o l v e d  n u t r i e n t s  
t y p i c a l l y  grow s l o w e r  t h a n  t h o s e  f e d  b a c t e r i a  ( S l e i g h ,  1 9 7 3 ) .  When 
c u l t u r e d  on  d i s s o l v e d  n u t r i e n t s ,  much h i g h e r  c a r b o n  c o n c e n t r a t i o n s  may 
b e  r e q u i r e d  t h e n  when c u l t u r e d  p h a g o t r o p h l c a l l y , F e n c h e l  (1962a)  
c a l c u l a t e d  t h a t  Ochromonaft g r o w i n g  on  b a c t e r i a  was 2 X 10 t im es  more 
e f f i c i e n t  t h a n  when c u l t u r e d  o n  s o l u b l e  n u t r i e n t s .
The  l e e k  o f  f l a g e l l a t e  g r o w t h  on  BCSF I n  t h e  a b s e n c e  o f  b a c t e r i a  
may r e f l e c t  a  t r u e  i n a b i l i t y  t o  grow osmo t r o p h i c  a l l y  o r  I t  may r e s u l t  
f r o m  a n  i n a b i l i t y  t o  u t i l i z e  t h e  o r g a n i c  compounds i n  t h e  BCSF. BCSF 
d i d  n o t  a p p e a r  l o  s u p p l e m e n t  t h e  g r o w th  o f  f l a g e l l a t e s  e v e n  In  t h e  
p r e s e n c e  o f  b a c t e r i a .  The  a b i l i t y  t o  u s e  mono- e n d  d i s a c c h a r i d e s  l a  
common I n  f r e e - l i v i n g  p r o t o z o a  b u t  t h e  a b i l i t y  t o  u s e  any  p a r t i c u l a r  
a u g e r  v a r i e s  f r o m  s p e c i e s  t o  s p e c i e s  ( H a l l ,  1 9 6 5 ) .  M a l t o s e ,  a m a jo r  
c o m p o n e n t  o f  BCSF, c a n  b e  u s e d  b y  e l a r g e  number o f  d i l a t e s  end some 
f l a g e l l a t e s  ( H e l l ,  1 9 6 5 ) ,  S u c r o s e ,  a n o t h e r  d l s s a c h a r l d e  I n  B5CF, c a n  be 
u s e d  b y  many p r o t o z o a  a s  w e l l .
A n o t h e r  e x p l a n a t i o n  f o r  t h e  I n a b i l i t y  o f  t h e  f l a g e l l a t e s  t o  grow on 
BCSF l a  t h e  l a c k  o f  n e c e s s a r y  v i t a m i n s  o r  g r o w t h  f a c t o r s .  B a c t e r i a ,  
c u l t u r e d  on  BCSF, m i g h t  p r o d u c e  t h e  m i c r o n u t r i e n t s  n e c e s s a r y  f o r  t h e  
f l a g e l l a t e s ,  K lnne  ( 1 9 7 7 )  s u m m a r i z ed  t h e  v i t a m i n  r e q u i r e m e n t s  f o r  
m a r i n e  p r o t o z o a .  F r e e - l i v i n g  f l a g e l l a t e s ,  i n  g e n e r a l ,  r e q u i r e  t h i a m i n e ,  
B j ^  * r i b o f l a v i n ,  e n d  b i o t i n .  O t h e r  s p e c i f i c  m i c r o n u t r i e n t s  may be
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r e q u i r e d  by p a r t i c u l a r  s p e c i e s  o r  a t r a i n *  o f  p r o t o z o a .  Examples  I n c l u d e  
a l p h a  l l p o l c  a c i d  by  T e t ra h v m e n a  p v r l f o r m l a . a s c o r b i c  a c i d  by  
t r y p a n o s o m a t l d  f l a g e l l a t e s ,  c h o l i n e  by  T r ic h o m o n as  g a l l i n g * , q u l n o n e s  by 
Q x v r r h l s  m ar in a  and  s t e r o l s  b y  Pa ram ecium s u r e 1 1 a , A l l  o f  t h e s e  d i e t a r y  
r e q u i r e m e n t s  may b e  p r o v i d e d  by  b a c t e r i a  when t h e  p r o t o z o a  a r e  f e e d i n g  
In  b a c t e r l z e d  c u l t u r e s .  S p e n t  y e a s t ,  one  o f  t h e  components  f rom which 
BCSF l a  m a n u f a c t u r e d  I s  e r i c h  a o u r c e  o f  v i t a m i n s ,  b u t  no  i n f o r m a t i o n  I s  
c u r r e n t l y  a v a i l a b l e  on  t h e  v i t a m i n  l e v e l s  I n  BCSF i t s e l f .  The h i g h  
t e m p e r a t u r e  a t  w h i c h  BCS i s  p r o d u c e d  may r e s u l t  i n  t h e  d e g r a d a t i o n  o f  
v i t a m i n s  o r i g i n a l l y  p r e s e n t .
W hile  f l a g e l l a t e s  nay  n o t  be  a b l e  t o  grow d i r e c t l y  on  BCSF, i t  was 
n o t  t o x i c  t o  them s i n c e  t h e  g r o w th  o f  f l a g e l l a t e s  c u l t u r e d  on 
r e s u e p e n d e d  b a c t e r i a  i n  York  R i v e r  w a t e r  d i d  n o t  d i f f e r  g r e a t l y  f rom t h e  
g rowth  o f  t h o s e  c u l t u r e d  on  b a c t e r i a  I n  t h e  p r e s e n c e  o f  BCSF. The 
emai l  q u a n t i t i e s  o f  e t h a n o l  i n  t h e  BCSF a r e  p r o b a b l y  n o t  I n h i b i t o r y  t o  
f l a g e l l a t e s .  U k e l e s  and Rose  (1976 )  f o u n d  t h a t  10 s h o r t  c h a i n  a l c o h o l s  
(C^ t o  C^) had  no  e f f e c t  on f o u r  s p e c i e s  o f  ch rysom onads  and  one 
c ryp tom onad ;  o n l y  l o n g  c h a i n  compounds were  t o x i c  o r  I n h i b i t o r y .
S h a k i n g  r a t e  i n f l u e n c e d  b o t h  t h e  amount  o f  d i s s o l v e d  oxygen  In  t h e  
c u l t u r e  and  t h e  d e g r e e  o f  p h y s i c a l  a g i t a t i o n .  I t  i s  d i f f i c u l t  t o  
d e t e r m i n e  t h e  r e l a t i v e  s i g n i f i c a n c e  o f  t h e s e  f a c t o r s  on  t h e  g row th  r a t e s  
o f  t h e  f l a g e l l a t e s .  Four  f l a g e l l a t e  s p e c i e s  e x h i b i t e d  a n  i n c r e a s e  i n  
g row th  r a t e  b e t w e e n  0 rpm a n d  100 rpm, w h i c h  may be  r e l a t e d  t o  t h e  
s l i g h t  i n c r e a s e  i n  d i s s o l v e d  o x y g e n  a t  100 rpm. F e n c h e l  (1982b)  grew 
s i x  s i m i l a r  s p e c i e s  o f  f l a g e l l a t e s  a t  c o m p a r a b l e  c e l l  d e n s i t i e s  and  
found no d i f f e r e n c e s  b e tw e e n  s t a t i o n a r y  and  s h a k e n  c u l t u r e s .
R e s p i r a t i o n  r a t e s .  I n  F e n c h e l ' s  s t u d y ,  w e re  on  t h e  o r d e r  o f  5 X 10 mg
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c x y g e n / c e l l / h ,  A c u l t u r e  o f  10^ f l a g e l l a t e s / m l  w o u ld  consume 5 x  1 0 ' ^  
tag o x y g e n / m l / h .  I n  a d d i t i o n ,  t h e  b a c t e r i a  w o u ld  a l s o  c o n t r i b u t e  t o  t h e  
o x y g e n  demand o f  t h e  c u l t u r e .  A s t a t i o n a r y  c u l t u r e ,  d e p e n d e n t  o n l y  on 
d i f f u s i o n  f rom  t h e  a i r  c o u l d  r e a l i z e  a s i g n i f i c a n t  d r o p  I n  o xyge n  
l e v e l s ,  e s p e c i a l l y  I f  t h e  s u r f a c e  o f  t h e  c u l t u r e  e x p o s e d  t o  t h e  a i r  was 
■ m a l l  r e l a t i v e  t o  i t s  d e p t h .
L i t t l e  i s  known a b o u t  how r e d u c e d  o x y g e n  c o n c e n t r a t i o n s  a f f e c t  t h e  
g r o w t h  o f  e s t u a r l n e  f l a g e l l a t e s .  T h e r e  a r e  s p e c i e s  o f  f l a g e l l a t e s  w h ich  
c a n  s u r v i v e  a n d  r e p r o d u c e  u n d e r  a n a e r o b i c  c o n d i t i o n s  and  o t h e r  a e r o b i c  
s p e c i e s  w h i c h  c a n  t o l e r a t e  r e d u c e d  oxyge n  l e v e l s  f o r  s h o r t  p e r i o d s  
( C u r d s ,  1 9 7 J ) .  S p e c i e s  o f  c h r y s o m o n a d s , e u g l e n o l d s , b i c o e c i d s ,  
b o d o n l d s , a n d  d l p l o m o n a d s  h a v e  a l l  b e e n  r e p o r t e d  t o  s u r v i v e  i n  a n a e r o b i c  
w a s t e  t r e a t m e n t  f a c i l i t i e s .  The e x t e n t  t o  w h i c h  t h e  s p e c i e s  u s e d  i n  
t h i B  s t u d y  c a n  t o l e r a t e  e x t r e m e l y  low d i s s o l v e d  o x y g e n  c o n d i t i o n s  I s  
u n k n o w n ,
The r e d u c t i o n  I n  g r o w t h  r a t e s  a t  0 rpto c o u l d  a l s o  b e  a t t r i b u t e d  t o  
t h e  p h y s i c a l  a g i t a t i o n  o f  t h e  c u l t u r e s  w h i c h  m i g h t  b e  p r e v e n t i n g  t h e  
f l a g e l l a t e s  o r  b a c t e r i a  f r o m  s e t t l i n g  o u t .  M ix i n g  p r o c e s s e s  w h i c h  
e n h a n c e  c o n t a c t  b e t w e e n  t h e  f l a g e l l a t e s  a n d  t h e i r  b a c t e r i a l  p r e y  c o u l d  
b e  s t i m u l a t o r y  t o  t h e  g r o w t h  r a t e s .  I n c r e a s e d  a g i t a t i o n  due t o  s h a k i n g ,  
r a t h e r  t h a n  any  o x y g e n a t i o n  e f f e c t s ,  n a y  h a v e  d e c r e a s e d  t h e  g r o w t h  r a t e s  
a t  200 r p n .  B o d o n l d  2 was  u n a b l e  t o  grow a t  t h e  h i g h e s t  s p e e d  a n d  t h r e e  
o t h e r  s p e c i e s  h a d  r e d u c e d  g r o w t h  r a t e s .  A l t h o u g h  n o t  q u a n t i f i e d ,  t h e r e  
a p p e a r e d  t o  be a l a r g e r  number  o f  f l a g e l l a t e  c e l l s  m i s s i n g  f l a g e l l a  a t  
t h e  h i g h e s t  s h a k i n g  s p e e d .  The s h e a r  f o r c e s  d e v e l o p e d  a t  t h i s  s p e e d  
s i g h t  b e  s t r i p p i n g  f l a g e l l a  f rom  t h e  c e l l s  ( B l u a ,  1 9 7 1 ) .  B o d o n ld  2 
m i g h t  b e  m ore  s u s c e p t i b l e  t o  t h i s  e f f e c t  b e c a u s e  I t  i s  a  s m a l l  c e l l  (4 u
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i n  l e n g t h )  w i t h  a n  e x t r e m e l y  l o n g  t r a i l i n g  f l a g e l l a  ( 1 2 - 1 5  u ) . A n o t h e r  
p o s s i b i l i t y  i e  t h a t  p h y s i c a l  a g g l t a t l o n  i t  i n t e r f e r i n g  i n  f e e d i n g  
p r o c e s s e s  o f  t h e  f l a g e l l a t e s .  A t  n o n e  o f  t h e  s p e e d s  d i d  b i o m a s s  
a c c u m u l a t e  o n  t h e  w a l l s  o f  t h e  f l a s k  above  t h e  l i q u i d  l e v e l  a s  a  r e s u l t  
o f  s p l a s h i n g .  T h i s  was a  p r o b le m  I n  p r e l i m i n a r y  e x p e r i m e n t s  I n  w h ic h  
f l a g e l l a t e s  w e r e  c u l t u r e d  on a  r e c i p r o c a l  s h a k e r .
A l l  f i v e  s p e c i e s  o f  f l a g e l l a t e s  a r e  e u r y h a l i n e  and  a b l e  t o  grow a t  
s a l i n i t i e s  r a n g i n g  f ro m  5 ° / o o  t o  35 ° / o o  and  o n l y  o n e ,  
c h o a n o f  l a g e l l a t e  1 s h o w e d  a  s i g n i f i c a n t l y  r e d u c e d  g r o w t h  r a t e  a t  t h e  
l o w e s t  s a l i n i t y  t e s t e d .  T h i s  was n o t  s u r p r i s i n g  s i n c e  t h e y  w e re  a l l  
I s o l a t e d  f r o m  t h e  l o v e r  York  R i v e r  a t  G l o u c e s t e r  P o i n t ,  VA. The 
s a l i n i t y  i n  t h e  l o w e r  Y o r k  R i v e r  r a n g e s  from 1 0 ° / o o  t o  2 5 ° / o o  ( B r o o k s ,  
1 9 8 3 )  d e p e n d i n g  o n  t h e  t i m e  o f  y e a r  a n d  amount  o f  f r e s h w a t e r  r u n o f f .  I n  
a d d i t i o n  t o  s e a s o n a l l y  d i f f e r i n g  s a l i n i t i e s ,  f l a g e l l a t e s  I n  t h e  r i v e r  
■ a y  b e  e x p o s e d  t o  l a r g e  s a l i n i t y  c h a n g e s  a s  t h e y  a r e  c y c l e d  w i t h i n  t h e  
e s t u a r y .  V i d e  s a l i n i t y  t o l e r a n c e s  a r e  c h a r a c t e r i s t i c  o f  e s t u a r l n e  
p h y t o p l a n k t o n  ( R i c e  a n d  F e r g u s o n ,  1 9 7 5 ) ,
T h e  f l a g e l l a t e s  i n  t h i s  e x p e r i m e n t  were i n o c u l a t e d  f ro m  a  s t o c k  
c u l t u r e  a t  1 7 ° / o o  i n t o  t h e  c u l t u r e s  a t  d i f f e r e n t  a a l i n l t i e s  w i t h o u t  any  
p r e c o n d i t i o n i n g .  A c c l i m a t i o n  t o  a  g i v e n  s a l i n i t y  h a s  b e e n  d e m o n s t r a t e d  
f o r  v a r i o u s  p h y t o f l a g e l l a c e a  t o  s h i f t  t h e  h i g h  and low s a l i n i t y  
t o l e r a n c e s  a s  w e l l  a s  s h i f t  t h e  op t im um  r a n g e  ( S e r g e  and  M c L a u g h l i n ,  
1 9 7 1 ;  M ahoney  a n d  M c L a u g h l i n ,  1 9 7 9 ) .  S i n c e  s a l i n i t y  l i m i t s  f o r  t h e  
s p e c i e s  t e s t e d  w e r e  n o t  d e t e r m i n e d ,  i t  i s  d i f f i c u l t  t o  p r e d i c t  i f  
p r e c o n d i t i o n i n g  w o u l d  h a v e  any  e f f e c t s  on g ro w th ,
F l a g e l l a t e s  r e s p o n d  t o  s a l i n i t y  I n  a manner  s i m i l a r  t o  e s t u a r l n e  
d i n o f l a g e l l a t e s ,  i . e .  b o t h  e x h i b i t  g r o w t h  r a t e s  c l o s e  t o  maximum o v e r  a
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v l d a  r a n g e  o f  a a l l n l t l e *  ( f i r a r r u d ,  1961;  W h i t e ,  19 7 6 ) ,  D i n o f l a g e l l a t e s  
t y p i c a l l y  h a v e  maximum g r o w t h  r a t e s  a t  15 t o  2 0 ° / ° °  a n d  h a v e  
s i g n i f i c a n t l y  r e d u c e d  g r o w t h  a t  5 ° / o o .  The f l a g e l l a t e * ,  h o w e v e r ,  h a d  
h i g h  g r o w t h  r a t e *  a t  5 ° / 0 0 > * s a l i n i t y  a t  w h ic h  many e a t u a r i n e  
d i n o f l a g e l l a t e *  c a n n o t  s u r v i v e .  The f l a g e l l a t e s  I n  t h i s  s t u d y  may be 
s i m i l a r  t o  some e s t u a r l n e  p h y t o f l a g e l l a t e s  w h ic h  a r e  c a p a b l e  o f  h i g h  
g r o w t h  r a t e s  a t  e v e n  t h e  l o w e s t  s a l i n i t i e s .  The ch ryaom onad  
O l l s t h a d l a c u a  l u t e u g c a n  grow i n  s a l i n i t i e s  r a n g i n g  from 2 ° / o o  t o  5 0 ° / o o  
(Tomas,  1 9 7 6 ) ,  P u n a 1 l e i l a  t e r t l o l e c t a , a  c h l o r o p h y t e  h a *  b e e n  c u l t u r e d  
a t  s a l i n i t i e s  r a n g i n g  f rom  3 . 7 ° / o o  t o  1 2 0 ° / o o  ( K c l a c h l a n ,  1960)  and 
a n o t h e r  c h l o r o p h y t e ,  ch la m vdononas  P u l s a t i l l a . shows s i g n i f i c a n t  g ro w th  
f rom 0 . 0 5 ° / o o  t o  1 0 0 ° / 0 0 - w i t h  h i g h  growth  r a t e *  o c c u r r i n g  up  t o  b0° /oo  
( H e l l e b u a t  and  Le G r e e l e y ,  1965 ) .
Some f l a g e l l a t e s  I n  t h i s  s t u d y  may be  i d e n t i c a l  t o  s t r a i n *  o f  
p r o t o z o a  w h i c h  a r *  c o n s i d e r e d  t o  b e  f r e s h w a t e r  s p e c i e s .  £ .  v e s t l t a . 
w h ic h  h a s  b e e n  i s o l a t e d  f rom  f r e s h w a t e r  ( T a k a h s e h i ,  1 9 7 6 ) ,  c a n  w i t h s t a n d  
s a l i n i t i e s  r a n g i n g  from d i s t i l l e d  w a t e r  t o  9 1 ° / o o  (L e e ,  1 9 7 6 ) .  I n  a  
s t u d y  o f  p r o t o z o a  f rom  W is c o n s i n ,  F i n l e y  (1930)  f o u n d  t h a t  some s p e c i e s  
o f  f l a g e l l a t e s ,  s u c h  a s  Bodq u n c l n a t u a . a r e  c a p a b l e  o f  s u r v i v i n g  and  
r e p r o d u c i n g  when t r a n s f e r r e d  d i r e c t l y  t o  s e a w a t e r ,  O t h e r  s p e c i e s ,  s u c h  
a*  Monas s p . , c o u l d  grow w e l l  i n  s e a w a t e r  b u t  r e q u i r e d  a  g r a d u a l  
i n c r e a s e  i n  s a l i n i t y .
Of t h e  e n v i r o n m e n t a l  v a r i a b l e s  t e s t e d ,  g rowth  o f  t h e  f l a g e l l a t e s  
was i n f l u e n c e d  m o s t  s t r o n g l y  by  t e m p e r a t u r e .  A l th o u g h  d i f f e r e n c e s  i n  
a p p a r e n t  o p t i m a l  t e m p e r a t u r e  o c c u r r e d  among t h e  f i v e  s p e c i e s ,  t h e y  were  
a l l  e u r y t h e r m a l . F o r  e a c h  s p a d e s ,  t h e  g row th  r a t e  e x c e e d e d  h a l f  t h e  
maximum g r o w t h  r a c e  f o r  a  t e m p e r a t u r e  r a n g e  e x c e e d i n g  10°C.  Organ ism*
9 7
f o u n d  I n  t e m p e r a t e  e s t u a r i e s  a r e  e x p o s e d  t o  l a r g e  t e m p e r a t u r e  v a r i a t i o n s  
a n d  u s u a l l y  h a v e  w ide  t e m p e r a t u r e  t o l e r a n c e s .  T e m p e r a t u r e s  I n  t h e  York 
R i v e r  v a r y  s e a s o n a l l y  f rom  -1°C t o  o v e r  3 0 °C ,  V a r i o u s  p h y t o p l a n k t o n  
s p e c i e s  f rom  e s t u a r l n e  a n d  c o a s t a l  w a t e r s  h a v e  w ide  t e m p e r a t u r e  
t o l e r a n c e s  a n d  b r o a d  o p t i m a l  t e m p e r a t u r e s  f o r  g r o w t h  ( U k e l e s ,  19 6 1 ) .
The o p t i m a l  t e m p e r a t u r e s  f o r  g r o w t h  In  t h i s  s t u d y  w e r e  I n  t h e  r a n g e  o f  
21°C t o  2 6 °C ,  e x c e p t  f o r  £ .  v e s t l t a . T h i s  I s  t h e  t e m p e r a t u r e  r a n g e  I n  
w h i c h  many s p e c i e s  o f  p h y t o p l a n k t o n  e x h i b i t  t h e i r  m ax im a l  g r o w t h  r a t e s  
( E p p l e y  , 1 9 7 2 ) ,
The o v e r a l l  r e s p o n s e  t o  t e m p e r a t u r e  was v e r y  s i m i l a r  f o r  t h e  f i v e  
s p e c i e s ;  g r o w t h  r a t e s  d e c l i n e d  s h a r p l y  a t  t e m p e r a t u r e s  a b o v e  t h e  o p t i m a l  
t e m p e r a t u r e  f o r  g r o w t h  a n d  d e c l i n e d  e v e n  more  g r a d u a l l y  a t  t e m p e r a t u r e s  
b e l o w  t h e  op t im um .  T h i s  r e s p o n s e  I s  c h a r a c t e r i s t i c  o f  a l a r g e  number o f  
m a r i n e  a n d  f r e s h w a t e r  a l g a e  ( E p p l e y ,  1972;  Goldman a n d  C a r p e n t e r ,  1 9 7 4 ) .  
P a y e r  e t  a l . (19B0)  e x a m i n e d  t h e  g r o w t h  o f  34 s t r a i n s  o f  p h y t o p l s n k t o n  
i n  l a b o r a t o r y  c u l t u r e s  a n d  f o u n d  t h i s  r e s p o n s e  I n  t h e  m a j o r i t y  o f  
s p e c i e s .  C l o e m  (1 9 7 7 )  o b s e r v e d  t h i s  r e s p o n s e  t o  t e m p e r a t u r e  I n  
C r v p t o m o n a s  o v a t a  and  f o u n d  t h a t  I t  c o u l d  b e  d e s c r i b e d  by  a n  e x p o n e n t i a l  
f u n c t i o n  w h i c h  I n c o r p o r a t e s  g r o w t h  r a t e  a t  a b a s a l  t e m p e r a t u r e  and  u p p e r  
l e t h a l  t e m p e r a t u r e  among I t s  p a r a m e t e r s .  S i m i l a r l y  s h a p e d  c u r v e s  a r e  
c h a r a c t e r i s t i c  o f  h e t e r o t r o p h l c  g r o w t h .  The  g r o w t h  r a t e  o f  E u r l e n a  
g r a c i l i s . c u l t u r e d  on  s o d iu m  a c e t a t e  a s  a  s o l e  c a r b o n  a n d  e n e r g y  s o u r c e .  
I n c r e a s e d  g r a d u a l l y  a t  t e m p e r a t u r e s  up  t o  ! 9 °C  a n d  t h e n  d e c l i n e d  s h a r p l y  
a t  h i g h e r  t e m p e r a t u r e s ,
T he  a s y m m e t r y  o f  t h i s  g r o w t h  r e s p o n s e  s h o u l d  b e  c o n s i d e r e d  when 
d e c i d i n g  u p o n  a n  o p e r a t i n g  t e m p e r a t u r e  f o r  l a r g e  s c a l e  c u l t u r e  o f  
f l a g e l l a t e s  f o r  a  m a r l c u l t u r e  o p e r a t i o n .  F o r  a f l a g e l l a t e ,  s u c h  as
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b o d o n l d  2 b e i n g  r a i s e d  e t  I t s  o p t i m a l  t e m p e r a t u r e ,  a n  a c c i d e n t a l  r i s e  I n  
t e m p e r a t u r e  o f  5°C c o u l d  c a u s e  t h e  c u l t u r e  t o  c r a s h .  I f  i t  w e re  
c u l t u r e d  a t  a  t e m p e r a t u r e  4 o r  5°C l o w e r ,  I t  w ou ld  b e  l e s s  a f f e c t e d  by  
t e m p e r a t u r e  v a r i a t i o n s  w i t h  o n l y  a s m a l l  d e c r e a s e  i n  b i o m a s s  p r o d u c t i o n .
M l c h a e l l a - H e n t e n  k i n e t i c s  t eem t o  d e s c r i b e  t h e  r e s p o n s e  o f
f l a g e l l a t e  g r o w t h  t o  f o o d  s u p p l y  I n  t h e  p r e s e n t  s t u d y .  l i t  a  s t u d y  o f
s i x  s p e c i e s  o f  c o l o r l e s s  f l a g e l l a t e s ,  F e n c h e l  (1962 )  a l s o  f o u n d  t h a t
M l c h a e l l s -  H e n t e n  k i n e t i c s  c o u l d  a c c u r a t e l y  d e s c r i b e  t h e  r e l a t i o n s h i p
b e t w e e n  g r o w t h  r a t e  a n d  b a c t e r i a l  c o n c e n t r a t i o n .  H o s t  o f  t h e  s p e c i e s
h a d  g r o w t h  r a t e s  c l o s e  t o  maximum a t  b a c t e r i a l  c o n c e n t r a t i o n s  be tw e en  5 
7 8x  10 a n d  1 0  c e l l s / m l ,  a l t h o u g h  one  s p e c i e s ,  A c t ln o tn o n a s  n i l r a b l  11 a „ h a d  
g r o w t h  r a t e s  c l o s e  t o  maximum a t  1 0 ^ c e l l s / m l , T h e s e  c o n c e n t r a t i o n s  a r e  
a l l  s i m i l a r  t o  t h o s e  a t  w h ic h  maximum g r o w t h  r a t e s  w e re  r e c o r d e d  i n  t h i s  
s t u d y .  The  v a l u e s ,  a s  w e l l ,  were s i m i l a r  t o  t h o s e  I n  t h i s  s t u d y .
B o th  k i n e t i c  p a r a m e t e r s ,  and  u ^ ,  may i n f l u e n c e  t h e  c h o i c e  o f  a 
f l a g e l l a t e  s p e c i e s  t o  b e  u s e d  i n  a  m s r l c u l t u r e  o p e r a t i o n .  When th e  
o b j e c t i v e  I s  t o  m ax im iz e  t h e  p r o d u c t i o n  o f  f l a g e l l a t e  b i o m a s s ,  a  s p e c i e s  
w i t h  a  h i g h  ur  w i l l  o b v i o u s l y  p r o d u c e  more b i o m a s s  i n  a  g i v e n  t ime t h a n  
a  s p e c i e s  w i t h  a  low u ^  a t  s a t u r a t i n g  b a c t e r i a l  c o n c e n t r a t i o n s .  I f  two 
s p e c i e s  h a v e  t h e  same u ^ ,  t h e  s p e c i e s  w i t h  t h e  low  w i l l  o u t p r o d u c e
t h e  one  w i t h  t h e  h i g h  I f  b a c t e r i a l  c o n c e n t r a t i o n s  a r e  n o t  
m a t u r a t i n g .  A s p e c i e s  w i t h  a low uq may e v e n  o u t p r o d u c e  a  s p e c i e s  w i t h  
a  h i g h  a t  n o n - s a t u r a t i n g  b a c t e r i a l  c o n c e n t r a t i o n s  i f  t h e  i s  
s u f f i c i e n t l y  low.  A kn o w le d g e  o f  t h e  k i n e t i c  p a r a m e t e r s  o f  t h e  
f l a g e l l a t e  a p e c l e s  w i l l  be i m p o r t a n t  when o p t i m i z i n g  p r o d u c t i o n  o f  
f l a g e l l a t e  b i o m a s s .
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J£. v e s t l t a  had a  maximum s p e c i f i c  g r o w t h  r a t *  ( u n ) o f  0 . 1 1  h"* 
w h i c h  l a  c l o s e  t o  t h a t  o f  t h e  o t h e r  s p e c i e s ,  b u t  I t s  s a t u r a t i o n  c o n s t a n t
Q
was 0 .3 7  X 10 c e l l s / m l  w h ic h  was  l o w e r  t h a n  t h e  o t h e r  s p e c i e s ,  
t h e s e  e s t i m a t e s  nay be b i a s e d  b e c a u s e  £ .  v e s t l t a  had  a  g r o w t h  r a t e  c l o s e  
t o  maximum a t  t h e  l o w e s t  b a c t e r i a l  c o n c e n t r a t i o n  t e s t e d ,  1 0 ^ c e l l s / m l r 
T h i s  r e d u c e i  t h e  a c c u r a c y  o f  t h e  L ln n e w e a v e r * B u r k e  t r a n s f o r m a t i o n s  I n  
e s t i m a t i n g  t h e  k i n e t i c  p a r a m e t e r s  (G rady  a n d  Lim, 1980)  . W i t h  t h e  same 
s t r a i n  o f  £ .  v e s t l t a . F e n c h e l  f o u n d  t h a t  I t  a p p r o a c h e d  a  maximum g ro w th  
r a t e  a t  5 X l O ^ e e l l s / m l  a n d  had  a  o f  a p p r o x i m a t e l y  1 0 ^ c e l l i / m l  ,
T h i s  d i s c r e p a n c y  may n o t  e n t i r e l y  b e  due t o  b i a s  In  t h e  e s t i m a t e s  o f  £ .  
y f s t l t a ' a  k i n e t i c  p a r a m e t e r s .  O t h e r  r e s e a r c h e r s  h a v e  fo u n d  c h a t  k i n e t i c  
p a r a m e t e r s  a r e  a f f e c t e d  by  e n v i r o n m e n t a l  c o n d i t i o n s  s u c h  a s  t e m p e r a t u r e  
o r  b y  d i f f e r e n c e s  In  b i o m a s s  and  n u t r i t i o n a l  v a l u e  o f  t h e  b a c t e r i a .  
R l v l e r  e t  a l .  (1985)  e xa m ined  g r o w th  o f  P seudobodo  B p . i n  f o u r  
e x p e r i m e n t s  u s i n g  n a t u r a l  a s s e m b l a g e s  o f  b a c t e r i a ,  w h i c h  v a r i e d  from 
e x p e r i m e n t  t o  e x p e r i m e n t ,  and  f o u n d  v a l u e s  o f  r a n g i n g  from 0 .6 4 B  X 
10^ t o  2 . 0 4  X l O ^ c e l l s / m l . S i m i l a r l y ,  S h e r r  e t  a l ,  ( 1 9 8 3 )  f o u n d  v e r y  
d i f f e r e n t l y  s h a p e d  c u r v e s  when Hones s o . was c u l t u r e d  o n  f o u r  s p e c i e s  o f  
b a c t e r i a  o v e r  t h e  same r a n g e  o f  b a c t e r i a l  c o n c e n t r a t i o n s  on a  d r y  w e i g h t  
b a s i s .
Y i e l d s  o f  f l a g e l l a t e s  i n  t h i s  s t u d y ,  w h i c h  r a n g e d  f rom  30% t o  42%, 
were  c o m p a r a b l e  t o  t h o s e  docum en ted  by o t h e r  r e s e a r c h e r s .  Such  
c o m p a r i s o n s ,  however ,  a r e  o n l y  a p p r o x i m a t i o n s  s i n c e  y i e l d s  a r e  
f r e q u e n t l y  c a l c u l a t e d  i n  d i f f e r e n t  ways a n d  w i t h  d i f f e r e n t  u n i t s  ( c e l l s ,  
p e r c e n t a g e  c a r b o n ,  b l o v o l u m e ) ,  w i t h o u t  t h e  n e c e s s a r y  c o n v e r s i o n  f a c t o r s  
t o  p u t  them I n  common u n i t s .  F e n c h e l  (1 9 8 2 b )  r e p o r t e d  y i e l d s  b a s e d  on 
c a r b o n  c o n t e n t  o f  Ochromonas s o . a n d  P l e u ro m o n a s  l a c u l a n s  o f  34% and  43%
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r e s p e c t i v e l y  when  c u l t u r e d  on  p s e u d o m o n a s . £ .  v e s t l t a . I n  t h e  same
s t u d y ,  h a d  a  y i e l d  o f  9 . 1  X l O ' ^ c e l l s / b a c t e r l a , w h i c h  l e  e q u i v a l e n t  t o  a 
y i e l d  o f  29%, b a s e d  on  t h e  r e p o r t e d  v o l u m e s  o f  t h e  f l a g e l l a t e s  an d  
b a c t e r i a .  F a  r a o h y  b omonmas frinp p y f  o r a t a  was r e p o r t e d  t o  h a v e  a  y i e l d  o f  
44%, b a s e d  on  v o l u m e ,  when  c u l t u r e d  on  e i t h e r  a b a c t e r i a l  d i e t  o r  on the  
d i a t o m  F h a e o d a c t v l u m  t p l q p r n u t u m  ( C a ro n  e t  a l . , 1 9 B 5 ) . Y i e l d s  o f  Honas 
a p . r a n g e d  f r o m  2 3 . 7 1  t o  43% d e p e n d i n g  on  t h e  s p e c i e s  o f  b a c t e r i a  u s e d  
f o r  f o o d  ( S h e r r  e t  a l . , 1 9 0 3 ) .
The s i x  b a c t e r i a l  I s o l a t e s  e x a m i n e d  a s  f o o d s  f o r  f l a g e l l a t e s  a l l  
s u p p o r t e d  g r o w t h  o f  £ .  v e s t l t a  b u t  t h e y  d i f f e r e d  i n  n u t r i t i o n a l  v a l u e .  
O t h e r  s t u d i e s  h a v e  a l s o  d e m o n s t r a t e d  t h a t  b a c t e r i a  may d i f f e r  I n  
n u t r i t i o n a l  v a l u e  t o  a g i v e n  p r o t o z o a n .  H a r d i n  ( 1 9 4 4 )  f o u n d  t h a t  o f  30 
b a c t e r i a l  i s o l a t e s  t e s t e d ,  25 p e r m i t t e d  g r o w t h  o f  t h e  f l a g e l l a t e  
Q lkom onas  t e n n o . b u t  w e r e  o f  v a r y i n g  f o o d  v a l u e .  S h e r r  e t  a l .  ( 1 9 6 3 )  
f o u n d  t h a t  t h e  f r e s h w a t e r  f l a g e l l a t e  Monas s p .  h a d  s i g n i f i c a n t l y  
d i f f e r e n t  g r o w t h  r a t e s  when f e d  f o u r  s p e c i e s  o f  b a c t e r i a ,  y e t  t h e  g row th  
e f f i c i e n c i e s  o n  t h e  d i f f e r e n t  b a c t e r i a  w e r e  a l l  e q u a l .  O t h e r  s t u d i e s  
h a v e  d e m o n s t r a t e d  q u a l i t a t i v e  d i f f e r e n c e s  I n  b a c t e r i a l  p r e y  f o r  d i l a t e s  
( B a r n s  a n d  V e l e s ,  1973 ;  T a y l o r ,  1 9 7 3 ) ,  amoebae  ( C r o s c o p  a n d  B r e n t ,  1966;  
H e a l  a n d  F e l t o n ,  1 9 7 0 ) ,  a n d  f l a g e l l a t e s  ( S i n g h ,  1942 ;  G o r b a c h e v s  e t  a l . ,  
1 9 7 8 ) .  The u n d e r l y i n g  r e a s o n s  f o r  t h e s e  n u t r i t i o n a l  d i f f e r e n c e s  a r e  
p o o r l y  u n d e r s t o o d .  They  may b e  r e l a t e d  t o  b a c t e r i a l  s i z e ,  m o t i l i t y ,  
p r o x i m a t e  c o m p o s i t i o n ,  c e l l  s u r f a c e  c o m p o s i t i o n ,  d l g e s t a b i l i t y , v i t a m i n  
c o n c e n t r a t i o n ,  a n d  t o x i n  p r o d u c t i o n .  T h e s e  f a c t o r * ,  w h i c h  a r e  n o t  
m u t u a l l y  e x c l u s i v e ,  h a v e  n e v e r  b e e n  s y s t e m a t i c a l l y  e x a m i n e d  f o r  any  
s i n g l e  s p e c i e s  o f  p r o t o z o a n .
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P r o d u c t i o n  o f  t o x i n s  b y  c e r t a i n  s t r a i n s  o f  b a c t e r i a  I s  one f a c t o r  
wh ich  h a s  b e e n  w e l l  d o c u m e n t e d  (G roacop  and  B r e n t ;  H ea l  a n d  F e l t o n ,
19 7 0 ) ,  T h e s e  t o x i n s  a r e  f r e q u e n t l y  a  p i g m e n t  p r o d u c e d  b y  t h e  b a c t e r i a .  
Two b a c t e r i a l  s t r a i n s  u s e d  i n  t h i s  s t u d y ,  F l a v o b a c t e r  s p . a n d  
M i c r o c o c c u s  s p  , w h i c h  p r o d u c e  p i g m e n t e d  c o l o n i e s ,  r e s u l t e d  i n  t h e  
p o o r e s t  f l a g e l l a t e  g r o w t h .  D ive  e t  a l .  ( 1976 )  e x a m in e d  p i g m e n t s  
p r o d u c e d  by t h e s e  same g e n e r a  b u t  fo u n d  them n o n t o x i c  t o  p r o t o z o a . 
G r o s s c o p  a n d  B r e n t  ( 1 9 6 4 )  e x a m i n e d  g r o w t h  o f  f i v e  s t r a i n s  o f  amoebae  f e d  
t h r e a  s t r a i n s  o f  p i g m e n t  p r o d u c i n g  F l a v o b a c t e r  a n d  f o u n d  o n l y  one 
example  o f  t h e  b a c t e r i a  b e i n g  t o x i c .  T h e r a  w e re  s i g n i f i c a n t  d i f f e r e n c e s  
among t h e  b a c t e r i a l  s p e c i e s  i n  s u p p o r t i n g  g r o w th  o f  am oe ba e .  The  one  
s p e c i e s  o f  H l c r o c o c c u s  e x a m i n e d ,  w h ich  a l s o  p r o d u c e d  a  p i g m e n t ,  
s u p p o r t e d  g r o w t h  o f  a l l  s t r a i n s  o f  amoebae ,
T h e r e  Is some e v i d e n c e  t o  s u g g e s t  t h a t  gram n e g a t i v e  b a c t e r i a  i n  
g e n e r a l  n a y  b e  n u t r i t i o n a l l y  s u p e r i o r  t o  gram p o s i t i v e  b a c t e r i a  ( B a r n s  
and  V e l a s ,  1973;  D i v e ,  1 9 7 3 ) ,  b u t  t h i s  f i n d i n g ,  e v e n  i f  w i d e s p r e a d ,  may 
be  r e l a t e d  t o  s e v e r a l  o f  t h e  p r e v i o u s l y  m e n t i o n e d  f a c t o r s .  P r o x i m a t e  
c o m p o s i t i o n ,  c e l l  s u r f a c e s  a n d  t o x i n  p r o d u c t i o n ,  I n  p a r t i c u l a r  d i f f e r  
f u n d a m e n t a l l y  b e t w e e n  g ram  p o s i t i v e  and  gram n e g a t i v e  b a c t e r i a .  I n  t h i s  
s t u d y ,  o n l y  two gram  p o s i t i v e  b a c t e r i a  w e re  e x a m i n e d  and  t h e y  were  among 
t h e  t h r e e  p o o r e s t  b a c t e r i a l  d i e t s .  A much l a r g e r  s a m p l i n g  o f  b a c t e r i a l  
s p e c i e s  a n d  f l a g e l l a t e s  w o u l d  b e  r e q u i r e d  t o  d r a w  any  c o n c l u s i o n s .
I f  t h e  h i g h e s t  s p e c i f i c  g r o w t h  r a t e s  r e c o r d e d  f o r  e a c h  f l a g e l l a t e  
s p e c i e s  a r e  c o m p a r e d  w i t h i n  t h e  s h a k i n g ,  s a l i n i t y ,  t e m p e r a t u r e ,  a n d  
b a c t e r i a l  c o n c e n t r a t i o n  e x p e r i m e n t s ,  t h e  o v e r a l l  f a s t e s t  g r o w i n g  
f l a g e l l a t e  was c h r y s o m o n a d  1 ,  f o l l o w e d  b y  b o d o n i d  2, b o d o n l d  1 ,  £-  
v e s t l t a . a n d  c h o a n o f l a g e l l a t e  1 .  I n  t h e  s h a k i n g ,  s a l i n i t y ,  an d
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b a c t e r i a l  c o n c e n t r a t i o n  e x p e r i m e n t s ,  c h r y i o n o i u d  1 h a d  t h e  h i g h e s t  
g r o w t h  r a t e  o f  a n y  s p e c i e s .  I n  t h e  t a m p e r s t u r e  e x p e r i m e n t  b o d o n l d  2 had 
a much f a s t e r  g r o w t h  r a t e  ( 6 . 1 0  d t v i s l o n s / d a y )  t h a n  d i d  c h ry a o m o n a d  1 
( 4 , 6 4  d t v l a t o n s / d a y }. B o d o n ld  2,  h o w e v e r ,  h a d  a h i g h e r  o p t i m a l  
t e m p e r a t u r e  f o r  g r o w t h  w i t h  a n a r r o w e r  t e m p e r a t u r e  r a n g e  t h a n  d i d  
c h r y s o p h y t e  1 , The s h a k i n g ,  s a l i n i t y ,  and  b a c t e r i a l  c o n c e n t r a t i o n  
e x p e r i m e n t s  were  a l l  p e r f o r m e d  a t  20°C ,  a  t e m p e r a t u r e  a t  w h i c h  t h e  
g r o w t h  r a t e  o f  ch rya om onad  1 was g r e a t e r  t h a n  t h a t  f o r  b o d o n l d  2,  I f  
t h e s e  e x p e r i m e n t s  had  b e e n  p e r f o r m e d  above  26°C t h e n  b o d o n l d  2 m i g h t  
h a v e  a c h i e v e d  t h e  h i g h e s t  g r o w t h  r a t e s  o f  any  s p e c i e s .  £ .  v e s t l t a  h a d  
t h e  h i g h e s t  o p t i m a l  t e m p e r a t u r e  f o r  g r o w t h  and  i t  m i g h t  h a v e  h a d  a 
c o n s i d e r a b l y  h i g h e r  g r o w th  r a t e  i f  t h e  t e m p e r a t u r e s  i n  t h e  e x p e r i m e n t s  
was a b o v e  26°C,  The g r o w t h  r a t e s  o f  b o d o n l d  1 and  c h o a n o f l a g e l l a t e  1 
w e re  c l o s e  t o  t h e i r  maximum I n  t h e s e  e x p e r i m e n t s  a s  t h e y  were  t e s t e d  a t  
t e m p e r a t u r e s  c l o s e  t o  t h e i r  o p t i m a l  g r o w t h  t e m p e r a t u r e s .
C h o a n o f l a g e l l a t e  1, t h e  s l o w e s t  g r o w i n g  f l a g e l l a t e ,  m i g h t  h a v e  h a d  
h i g h e r  g r o w t h  r a t e s  i n  t h e  s a l i n i t y ,  t e m p e r a t u r e ,  a n d  b a c t e r i a l  
c o n c e n t r a t i o n  e x p e r i m e n t s  i f  I t  h a d  b e e n  t e s t e d  a t  a h i g h e r  r a t e  o f  
s h a k i n g .  T h e s e  e x p e r i m e n t s  were  r u n  a t  100 rpm, w h i l e  I t  h a d  a g r e a t e r  
g r o w t h  r a t e  a t  200  rpm. C h a n g i n g  t h e  s a l i n i t y  o f  t h e  e x p e r i m e n t s  f ro m  
1 7 ° / o o ,  w h ic h  I s  c l o s e  t o  i t s  op t im um, w o u ld  n o t  h a v e  i n c r e a s e d  i t s  
g r o w t h  r a t e s .
B o d o n ld  1 was  t e s t e d  I n  t h e  s h a k i n g ,  t e m p e r a t u r e ,  a n d  b a c t e r i a l  
c o n c e n t r a t i o n  e x p e r i m e n t s  a t  a s a l i n i t y  o f  l 7 ° / o o  w h ic h  I s  c o n s i d e r a b l y  
h i g h e r  t h a n  5 ° / o o ,  t h e  s a l i n i t y  a t  w h i c h  I t s  h i g h e s t  g r o w t h  r a t e  was 
r e c o r d e d .  I t  m i g h t  have a c h i e v e d  h i g h e r  g r o w t h  r a t e s  I n  t h e s e  
e x p e r i m e n t s  i f  t h e y  were p e r f o r m e d  a t  a  l o w e r  s a l i n i t y ,  A s h a k i n g  s p e e d
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o f  100 rpm a n d  a  t e m p e r a t u r e  o f  20°C,  h o w e v e r ,  a p p e a r  t o  b e  c l o s e  t o  
o p t i m a l  f o r  t h i s  s p e c i e s .
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SECTION IV 
Growth o f  B i v a l v e s
INTRODUCTION
B r e w e r s  c o n d e n s e d  s o l u b l e s  (BCS),  a b y - p r o d u c t  o f  t h e  b r e w i n g  
I n d u s t r y ,  i s  »  p l e n t i f u l  e n d  cheap  s o u r c e  o f  u n d e r u t i l i z e d  n u t r i e n t s .  
T h i s  s t u d y  i n v e s t i g a t e d  t h e  u se  o f  BCS f o r  s h e l l f i s h  m a r l c u l c u r e . BCS 
h a s  b e a n  d e m o n s t r a t e d  t o  b e  a d e q u a t e  f o r  c u l t u r e  o f  b a c t e r i a  ( s e c t i o n  
I I ) ,  w h i c h  c a n  b e  u s e d  t o  r a i s e  c o l o r l e s s  f l a g e l l a t e s  ( s e c t i o n  I I I ) .  
T h i s  s e c t i o n  e x a m i n e s  t h e  g r o w th  o f  j u v e n i l e  o y s t e r s  ( C r a a s o s t r e a  
v l r a i n l c a ) a n d  c l a m s  ( M e r c e n a r l a  a e r c e n a r l a )  on b a c t e r i a ,  c o l o r l e s s  
f l a g e l l a t e s ,  a n d  a n  e n r i c h m e n t  c u l t u r e ,  a l l  c u l t u r e d  on BCS. F e e d i n g  o f  
BCS d i r e c t l y  t o  b i v a l v e s  was n o t  e x a m i n e d  i n  t h i s  s t u d y .  BCS I s  
p r i m a r i l y  s o l u b l e  a n d  b i v a l v e s  a r e  n o t  a b l e  t o  o b t a i n  s u f f i c i e n t  
n u t r i e n t s  f o r  g r o w t h  on a  d i e t  composed  e n t i r e l y  o f  d i s s o l v e d  o r g a n i c  
m a t t e r  ( J o r g e n s e n ,  1 9 6 6 ) .
J u v e n i l e  b i v a l v e s  w e r e  c h o s e n  f o r  t h e s e  e x p e r i m e n t s  b e c a u s e  t h e i r  
p r o d u c t i o n  i s  o f t e n  a  m a j o r  c o n s t r a i n t  t o  t h e  f i n a n c i a l  s u c c e s s  o f  a 
s h e l l f i s h  h a t c h e r y .  L a r v a l  b i v a l v e  demands  f o r  f o o d  and w a t e r  a r e  
m i n i s c u l e  w h e n  c o m p a r e d  t o  t h o s e  o f  a n  e q u a l  number  o f  J u v e n i l e s .  Food 
r e q u i r e m e n t s  f o r  J u v e n i l e s  i n c r e a s e  g e o m e t r i c a l l y  w i t h  t h e i r  s i z e .
L a r g e  j u v e n i l e s  h a v e  g r e a t l y  I n c r e a s e d  s u r v i v a l  when p l a c e d  i n  semi-  
p r o t e c t e d  o r  u n p r o t e c t e d  p l o t s  I n  t h e  n a t u r a l  e n v i r o n m e n t  ( C a s t a g n a ,  
1 9 8 4 ;  E l d r i d g e  a t  a l . , 1979 ;  K r a n t z .  19B 2) ,  w h ich  m ake s  them more
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d e s i r a b l e  t o  s h e l l f i s h  g r o w e r s .  The  a d d i t i o n a l  q u a n t i t i e s  o f  f o o d  a n d  
a p a c e  r e q u i r e d  t o  p r o d u c e  l a r g e  j u v e n i l e s  i s  r e f l e c t e d  I n  t h e i r  
c o r r e s p o n d i n g l y  g r e a t e r  c o a t .
In  a a n y  h a t c h e r i e s  a n i m a l s  a r e  f e d  m o n o c u l t u r e s  o f  m i c r o - a l g a e ,  t h e  
p r o d u c t i o n  o f  w h ic h  c a n  r e p r e s e n t  a  s i g n i f i c a n t  p o r t i o n  o f  t h e  t o t a l  
o p e r a t i n g  c o s t  ( B o l t o n ,  1 9 6 2 ) .  C o s t  e s t i m a t e s  f o r  p r o d u c i n g  a  k i l o g r a m  
( d r y  wt)  o f  m l c r o - a l g a e  have  r a n g e d  from $44 ( B o l t o n ,  1982)  t o  $200 
(W alne ,  1 9 7 6 ) .  Those h a t c h e r i e s  u s i n g  on ly  r a w  w a t e r  t o  f e e d  a n i m a l s  
w i l l  have  g r e a t e r  pumping c o s t s  t o  r a i s e  l a r g e  a n i m a l s .  The c o s t s  o f  
pum ping  raw w a t e r  t o  f e e d  s h e l l f i s h  l a  c o m p a r a b l e  t o  t h a t  o f  r a i s i n g  
m i c r o - a l g a e  ( K r a n t z ,  1 9 8 2 ) .  Any s o u r c e  o f  f o o d  t h a t  l a  more c h e a p l y  
p r o d u c e d  and  c a n  be s u b s t i t u t e d  f o r  a  m l c r o a l g a l  d i e t ,  w i l l  i n c r e a s e  a  
h a t c h e r y ’s  p r o f i t  m arg in .
MATERIALS AND METHODS 
C r a s s o s t r e a  v l g x l n l c a
O y s t e r s  were  grown t n  p l e x i g l a s s  t r a y s  o f  3 . 3  1 volume t h a t  were 
4 8 . 0  cm l o n g ,  13 .3  cm w ide  and  5 . 5  cm d e e p .  The t r a y s  were  s i m i l a r  to  
t h o s e  d e s c r i b e d  by Haven and M ora le s -A la m o  (1970)  b u t  were m o d i f i e d  to  
k e e p  t h e  o y s t e r s  one cm o f f  t h e  b o t to m .  The o y s t e r s  r e s t e d  on q u a r t e r
i n c h  mesh, p o l y e t h y l e n e  s c r e e n i n g  which  was f i t t e d  t o  t h e  I n s i d e
d i m e n s i o n s  o f  t h e  t r a y ,  The s c r e e n i n g  was h e l d  one cm o f f  t h e  b o t to m  by 
p l e x i g l a s s  c r o s s p i e c e s  g l u e d  t o  t h e  b o t t o m  and s p a c e d  f o u r  cm a p a r t .  
O y s t e r  f e c e s  d r o p p e d  t h r o u g h  t h e  s c r e e n i n g  and a c c u m u l a t e d  away from the  
a n I n a l s .  The t r a y s  w e r e  o p e r a t e d  as  open  s y s t e m s . The I n i t i a l  f o u r  
i n c h e s  o f  t h e  t r a y  s e r v e d  a s  a  m ix i n g  chamber  and  was s e p a r a t e d  by two 
b a f f l e s  f r o n  t h e  compar tm en t  h o l d i n g  t h e  a n i m a l s .  S e a w a t e r  i n t r o d u c e d  
i n t o  t h e  I n i t i a l  chamber  was m ix e d  w i t h  t h e  t e s t  d i e t  by  v i g o r o u s  
a e r a t i o n  p r o v i d e d  t h r o u g h  a  one  In ch  a i r s t o n e .  The w a t e r  f lo w e d  down 
t h e  l e n g t h  o f  t h e  t r a y  and  t h r o u g h  a  s e t  o f  b a f f l e s  b e f o r e  e x i t i n g  o v e r  
t h e  end  w h i c h  was one cm low er  t h a n  t h e  o t h e r  s i d e s .  A dye  t e s t  
i n d i c a t e d  t h a t  t h e  w a t e r  p a s s i n g  t h r o u g h  t h e  t r a y  r e m a in e d  w e l l  m ix ed  
and  t h a t  no s t a t i c  p o c k e t s  o f  w a t e r  e x i s t e d .
U a t e r  f rom  th e  Y ork  R i v e r ,  Va. was u s e d  f o r  a l l  e x p e r i m e n t s .  The
w a t e r  was h e a t e d  t o  2 4 . 0 °  C + 0 .5 ° C  by  p a s s a g e  t h r o u g h  a  1 3 , 5  GBR 
C o r n i n g  g l a s s  h e a t  e x c h a n g e r .  The s a l i n i t y  o f  t h e  w a t e r  r a n g e d  from 16 
° / o o  t o  21 ° / o o  . The pH r e m a i n e d  b e t w e e n  7 . 8  and  8 . 1 ,
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The h e a t e d  w a t e r  was f i l t e r e d  t h r o u g h  a  1 0 . 0  urn p o l y p r o p y l e n e  bag 
f i l t e r  i n t o  a  20 1 h e a d  box  w h i c h  f e d  i n t o  a  t r o u g h  e x t e n d i n g  o v e r  a l l  
g r o w th  c h a m b e r* .  The t r o u g h  w as  nade  f rom  a t h r e e  i n c h  d i a m e t e r  PVC 
p i p e  s p l i t  l o n g i t u d i n a l l y  a n d  c a p p e d  on e i t h e r  e n d .  W a te r  d e p t h  i n  the  
t r o u g h  w a s  c o n t r o l l e d  by a d j u s t i n g  t h e  h e i g h t  o f  a  one I n c h  d i a m e t e r  
o v e r f l o w  s t a n d p i p e .  Wate r  f r o m  t h e  t r o u g h  was s i p h o n e d  i n t o  t h e  t r a y s  
b y  g l a s s  U - t u b e s  1 / 4  i n c h  I n  d i a m e t e r .  The e n d  o f  e a c h  t u b e  i m m e r s e d  In  
t h e  t r o u g h  was f i t t e d  t h r o u g h  a  number 4  r u b b e r  s t o p p e r  w h i c h  was 
I n s e r t e d  I n t o  a  h o l e  i n  a f o u r  i n c h  s q u a r e  o f  p l e x i g l a s s  t h a t  r e s t e d  
a c r o s s  t h e  t r o u g h > The f l o w  r a t e  i n t o  t h e  t r a y s  was c o n t r o l l e d  by  
a d j u s t i n g  t h e  h e i g h t  o f  t h e  U * t u b e  i n  t h e  s t o p p e r .  The h e a d  b o x ,  
t r o u g h ,  U - t u b e s  a n d  t r a y s  w e re  c l e a n e d  d a l l y  a n d  t h e  b a g  f i l t e r s  w e r e  
c h a n g e d  e v e r y  12 h o u r s .
P r e l i m i n a r y  e x p e r i m e n t s  r e v e a l e d  t h a t  s u b s t a n t i a l  q u a n t i t i e s  o f  
f o o d  w e re  p a s s i n g  t h r o u g h  t h e  10 um b a g  f i l t e r .  O y s t e r s  h e l d  i n  t h e  
t r a y s  w i t h  no s u p p l e m e n t a l  f e e d i n g  a c h i e v e d  s i g n i f i c a n t  g r o w t h .  To  
b e t t e r  f i l t e r  t h e  r i v e r  w a t e r ,  12 a d u l t  o y s t e r s ,  3 t o  3 . 5  i n c h e s  i n  
h e i g h t ,  w e r e  p l a c e d  i n  t h e  h e a d  b o x .  T h e s e  o y s t e r s  a c t e d  a s  a 
b i o l o g i c a l  f i l t e r  a n d  removed a n y  f o o d  p a s s i n g  t h r o u g h  t h e  b a g  f i l t e r .  
O y s t e r s  h e l d  i n  t r a y s  r e c e i v i n g  t h i s  b i o l o g i c a l l y  f i l t e r e d  w a t e r  w i t h  no 
s u p p l e m e n t a r y  d i e t s ,  grew n e g l i g i b l y .
D i e t s  were  m e t e r e d  i n t o  t h e  m i x i n g  c o m p a r tm e n t s  o f  t h e  t r a y s  b y  a 
B r ln k m a n n  p e r i s t a l t i c  pump, m o d e l  131900 (B r lnkm ann  I n s t r u m e n t s  I n c . ,  
W es t  b u r y ,  N Y ) , A f o u r  l i t e r  a s p i r a t o r  b o t t l e  s e r v e d  a s  a  r e s e r v o i r  f o r  
t h e  d i e t .  Food o r g a n i s m s  w e r e  a dde d  a t  3 , 0  m l / m i n ;  t h e  t o t a l  f l o w  r a t e  
o f  w a t e r  « n d  food  t h r o u g h  t h e  t r a y  was 50 m l /m in .  The r e s e r v o i r s  were
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■ c r a t e d  t o  k e e p  them o x y g e n a t e d  a n d  v e i l  m ix e d .  A l l  b o t t l e s  e n d  l i n e s  
w e r e  c l e a n e d  a n d  s t e r i l i z e d  d a l l y  by  a u t o c l e v i n g .
The e x p e r i m e n t a l  a n i m a l s  v e r e  o f f s p r i n g  o f  a mass  s p a w n i n g  (more 
t h a n  20 a d u l t s )  o f  o y s t e r s  c o l l e c t e d  from t h e  Wreck S h o a l s  r e e f  o f  t h e  
J o n e s  R i v e r .  They  were  s e t  a n d  grown a s  c u l t c h l e s s  o y s t e r s  a c c o r d i n g  t o  
t h e  m e th o d s  o f  Dupuy e t  e l .  ( 1 9 7 7 ) ,  U n t i l  u s e d  In  a n  e x p e r i m e n t ,  t h e y  
w e r e  h e l d  i n  N e s t l e r  t r a y s  i n  f l u m e s  r e c e i v i n g  raw York  R i v e r  w a t e r .  At 
t h e  s t a r t  o f  t h e  f i r s t  e x p e r i m e n t ,  t h e  o y s t e r s  were  t h r e e  m o n th s  o l d  and 
12 t o  20 nm i n  l e n g t h .
Each g r o v t h  e x p e r i m e n t  h a d  s i x  o r  s e v e n  t r e a t m e n t s ,  For  e a c h  
t r e a t m e n t ,  25 o y s t e r s  r a n g i n g  f rom  0 . 5  t o  1 . 0  g u n d e r w a t e r  w e i g h t  w e r e  
p l a c e d  I n  a  t t a y .  T h e i r  p o s i t i o n s  I n  t h e  t r a y s  v e r e  r a n d o m l y  c h a n g e d  
e a c h  d a y  t o  e l i m i n a t e  a n y  e f f e c t  o f  p o s i t i o n  w i t h i n  t h e  t r a y .  Ea c h  
o y s t e r  was w i p e d  c l e a n  o f  s l i m e  a n d  l a b e l l e d  w i t h  a  w a t e r p r o o f  f e l t  pen 
( S a n f o r d  S h a r p i e  ) p r i o r  t o  t h e  s t a r t  o f  a n  e x p e r i m e n t .  The a n i m a l s  
w e r e  i n d i v i d u a l l y  w e i g h e d  I n i t i a l l y  a n d  a t  t h e  e n d  o f  a  two week p e r i o d .  
G row th  I n c r e m e n t s  were  c a l c u l a t e d  f o r  e a c h  i n d i v i d u a l  and  t h e  t r e a t m e n t  
e f f e c t s  were a n a l y z e d  b y  s i n g l e  f a c t o r  ANOVA. I f  s i g n i f i c a n t  
d i f f e r e n c e s  ( a l p h a  < 0 . 0 5 )  e x i s t e d  among t r e a t m e n t s ,  t h e  r e s u l t s  w a r e  
c o m p a r e d  by S t u d e n t *Neumann-Keuls  s t a n d a r d i z e d  r a n g e  t e s t  ( Z a r ,  1 9 8 4 ) ,
S i x  r a t i o n s  o f  T e t r a s e l m l B  s u e c l c a  r a n g i n g  f rom  5 . 0  t o  1 6 0 . 0  
■ E / d *y  v t / d a y  a n d  a s t a r v e d  c o n t r o l  were  t e s t e d  i n  t h e  f i r s t  e x p e r i m e n t  
( t a b l e  I V . 1)  t o  d e t e r m i n e  an  o p t i m a l  r a t i o n  f o r  c o m p a r i n g  t h e  d i f f e r e n t  
d i e t s .  Based on  r e s u l t s  o f  t h i s  e x p e r i m e n t ,  a l l  d i e t s  w e r e  a d d e d  a t  a 
r a t e  o f  B0 og  d r y  w t / t r e a t a e n t / d a y . Each  t r e a t m e n t  r e c e i v e d  0 . 0 5 0  1 /m in  
(72 1 / d a y )  o f  f i l t e r e d  e s t u a r l n e  w a t e r .  The 6 0 , 0  og  d r y  w e i g h t  o f
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p o t e n t i a l  f o o d  was  m e t * r e d  I n t o  e a c h  t r a y  o v e r  24 h ,  r e s u l t i n g  I n  an  
I n i t i a l  c o n c e n t r a t i o n  a t  t h e  h e a d  o f  t h e  t r a y  o f  1 . 1 1  mg/1.
M o n o s p e c i f i c  c u l t u r e s  o f  c o l o r l e s s  f l a g e l l a t e s ,  e n r i c h m e n t  c u l t u r e s  
( d e s c r i b e d  b e l o w ) , I ,  a u a c i c a , a n d  f i l t e r e d  w a t e r  w e r e  c o m p a r e d  as  
o y s t e r  f o o d s  I n  e x p e r i m e n t s  two t h r o u g h  f i v e  ( T a b l e  I V . 2 - I V . 5 ) .  
M o n o s p e c i f i c  c o l o r l e s s  f l a g e l l a t e  d i e t s  r e p r e s e n t e d  t h r e e  t r e a t m e n t s  i n  
e a c h  e x p e r i m e n t .  £ ,  v e s t l t a . b a s e d  on  i n i t i a l  p o s i t i v e  r e s u l t s ,  was 
t e s t e d  I n  a l l  f o u r  e x p e r i m e n t s .  The o t h e r  two m o n o s p e c i f i c  c o l o r l e s s  
f l a g e l l a t e  d i e t s  were  v a r i e d  among e x p e r i m e n t s ,  b u t  I n c l u d e d  two 
b o d o n l d s ,  a  c h r y s o m o n a d ,  a n d  a  c h o a n o f l a g e l l a t e ,  d e s c r i b e d  I n  S e c t i o n  
I I I .  E a c h  e x p e r i m e n t  a l w a y s  I n c l u d e d  one  t r e a t m e n t  r e c e i v i n g  o n l y  
f i l t e r e d  w a t e r ,  d e s i g n a t e d  t h e  " s t a r v e d  c o n t r o l " .  I *  s u e c l c a  a n d  a n  
e n r i c h m e n t  c u l t u r e  were  l i k e w i s e  i n c l u d e d  i n  e a c h  e x p e r i m e n t .
S i x  r a t i o n s  o f  £ .  v e s t l t a  r a n g i n g  f rom  5 . 0  t o  160 mg d r y  w g t / d a y  
and  a  s t a r v e d  c o n t r o l  w e r e  c o m p a r e d  i n  e x p e r i m e n t  6 ( t a b l e  I V . 6 ) .  £ .
y a s t l t a  was t h e  o n l y  c o l o r l e s s  f l a g e l l a t e  t e s t e d  a t  more t h a n  one  
c o n c e n t r a t i o n  b e c a u s e  i t  g a v e  t h e  g r e a t e s t  o y s t e r  g r o w t h  o f  t h e  
c o l o r l a e s  f l a g e l l a t e s  e x a m i n e d .  I n  e x p e r i m e n t s  7 ,  S,  and  9 .  
m o n o s p e c i f i c  d i e t s  o f  J .  s u e c l c a  a n d  £ .  v e s t l t a  w e re  com pared  w i t h  d i e t s  
c o m b i n i n g  t h e s e  two s p e c i e s .  The  s i x  t r e a t m e n t s  i n  t h e s e  e x p e r i m e n t s
c o n s i s t e d  o f  I ,  s u e c l c a  (80  m g / d a y ) ,  1 .  f u e c l c a  (4 0  m g / d a y ) ,  £ .  v e s t l t a
( 8 0  m g / d a y ) ,  I .  s u e c l c a  a n d  £ .  y e a p ^ t a  (40 o g / d a y  + 4 0  a g / d a y ) , £ .
a u e c l c a  a n d  £ .  v e s t l t a  (40  m g /d a y  + 80 m g / d a y ) , a n d  a  s t a r v e d  c o n t r o l .
I n  e x p e r i m e n t  1 0 ,  f o u r  s p e c i e s  o f  b a c t e r i a ,  £ g ju d p m q n a s  p a r l n a .
Aerom onas  g p . ,  F l a v o b a c t e r  £ £ . ,  a n d  H l c r o c o c c u s  g £ .  were  t e s t e d  a l o n g  
w i t h  X '  s u e c l c a  a n d  a s t a r v e d  c o n t r o l .  A l l  d i e t s  w e r e  f e d  a t  80 mg/day .
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I -  l u t c l c i  wms c u l t u r e d  In  IB 1 c a r b o y s  f i l l e d  w i t h  f i l t e r e d  ( 1 . 0  
um) p a s t e u r i z e d  e a t u s r i n e  w a t e r  e n r i c h e d  w i t h  medium (e  m i x t u r e  o f  
R e d f i e l d ' a  s o l u t i o n s  A a n d  B ) ,  G u i l l a r d ' s  v i t a m i n  m i x ,  a n d  a  m a n u r e  
e x t r a c t  (Dupuy  e t  a l ,  , 1 9 7 7 ) .  The J .  s u e c l c a  s t r a i n  e m p lo y e d  
( T e t r a s e l m l s  s u e c l c a  (Kyi  I n )  B u t c h )  was I s o l a t e d  b y  R. R, L.  G u l l  l a r d  a t  
t h e  Woods H o le  O c e a n o g r a p h i c  I n s t i t u t e  I n  1977 a n d  h a s  b e e n  u s e d  
s u c c e s s f u l l y  a s  a n  o y s t e r  food  e t  t h e  V i r g i n i a  I n s t i t u t e  o f  M a r i n e  
S c i e n c e  f o r  o v e r  f i v e  y e a r s .  The c u l t u r e s  w e r e  n o t  m a i n t a i n e d  a x e n l c  
b e c a u s e  a l g a e  c u l t u r e d  i n  o y s t e r  h a t c h e r i e s  a r e  n o t  u s u a l l y  a x e n l c .  The 
c u l t u r e s  w e r e  m a i n t a i n e d  a t  18°C u n d e r  i l l u m i n a t i o n  o f  3 , 0 0 0  l u x .  The 
s a l i n i t y  o f  t h e  e s t u a r l n e  c u l t u r e  w a t e r  r a n g e d  from 16 t o  21 ° / o o .  
V i g o r o u s  b u b b l i n g  w i t h  f i l t e r e d  a i r  k e p t  t h e  c u l t u r e s  w e l l  a e r a t e d  and  
t h e  c e l l s  I n  s u s p e n s i o n .  The c u l t u r e s  w e re  h a r v e s t e d  i n  e a r l y  
s t a t i o n a r y  p h a s e ,  a p p r o x i m a t e l y  o n e  week a f t e r  i n o c u l a t i o n .  The c e l l  
d e n s i t y  a t  h a r v e s t i n g  was a b o u t  2 . 0  X 1 0 * c e l l s / m l ,
C o l o r l e s s  f l a g e l l a t e s  were c u l t u r e d  o n  a  d i e t  o f  £* m a r i n a  i n  IB 1 
c a r b o y s .  F i l t e r e d  (1 um) a n d  p a s t e u r i z e d  e s t u a r l n e  w a t e r  was e n r i c h e d  
w i t h  BCSF, t h e  n u t r i e n t  s o u r c e  f o r  t h e  b a c t e r i a .  The b a c t e r i a  w e r e  
I n o c u l a t e d  I n t o  t h e  c a r b o y s  24 h p r i o r  t o  I n o c u l a t i o n  w i t h  f l a g e l l a t e s .  
The  c t r b o y a  were v i g o r o u s l y  a e r a t e d  a n d  m a i n t a i n e d  a t  2 6 °C .  F l a g e l l a t e s  
w a r e  h a r v e s t e d  When t h e  c u l t u r e s  r e a c h e d  e a r l y  s t a t i o n a r y  p h a s e ,  w h i c h  
o c c u r r e d  I n  t h r e e  t o  f o u r  d a y s .  The c e l l  d e n s i t y  a t  h a r v e s t i n g  r a n g e d  
f r o m  10* t o  107 c e l l s / 1  d e p e n d i n g  o n  t h e  s p e c i e s  b e i n g  c u l t u r e d .
E n r i c h m e n t  d i e t s  were made b y  a d d i n g  BCSF ( 5 g / l )  t o  u n f l l t e r e d  York 
R i v e r  w a t e r  and  a l l o w i n g  t h e  m i c r o b i a l  f l o r a  t o  b loom .  Q u a n t i t a t i v e  
c o u n t t  o f  m i c r o o r g a n i s m s  w e re  n o t  made b u t  m i c r o s c o p i c  e x a m i n a t i o n  
r e v e a l e d  t h a t  t h e  p r e d o m i n a n t  m i c r o o r g a n i s m s  I n c l u d e d  b a c t e r i a ,
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f l a g *  H a t e s ,  d i l a t e s ,  amoebae ,  and  f u n g i .  The e n r i c h m e n t  c u l t u r e s  were  
m a i n t a i n e d  a *  s e m i - c o n t i n u o u s  b a t c h  c u l t u r e s  i n  36 1 c a r b o y s .  The 
c a r b o y *  w e r e  h a r v e s t e d  d a l l y  a n d  r e f i l l e d  w i t h  r i v e r  w a t e r  e n r i c h e d  w i t h  
BCSF, Mew m i c r o o r g a n i s m s  w ere  t h u s  c o n t i n u a l l y  b e i n g  I n t r o d u c e d  I n t o  
t h e  c u l t u r e s .  The c u l t u r e s  w e r e  t r a n s f e r e d  i n t o  c l e a n  c a r b o y s  e v e r y  
week  i n  o r d e r  to  r e d u c e  t h e  a c c u m u l a t i o n  o f  m i c r o o r g a n i s m s  g r o w i n g  on 
t h e  v e s s e l  w a l l s .  The c u l t u r e s  w e r e  v i g o r o u s l y  a e r a t e d  and  m a i n t a i n e d  
a t  26°C.
The b a c t e r i a  u s e d  I n  e x p e r i m e n t  10 w e r e  c u l t u r e d  on  a BCSF medium 
I n  IB-1  c a r b o y s ,  a *  d e s c r i b e d  f o r  t h e  c o l o r l e s s  f l a g e l l a t e s .  Each  
c a r b o y  was  i n o c u l a t e d  w i t h  100 m l  o f  b a c t e r i a  I n  e x p o n e n t i a l  g r o w t h  
p h a s e  I n  a  BCSF medium. B a c t e r i a l  c u l t u r e s  r e a c h e d  s t a t i o n a r y  p h a s e  I n  
24  h  and w e r e  h a r v e s t e d  o v e r  a  f o u r  day  p e r i o d  w i t h o u t  t h e  a d d i t i o n  o f  
a n y  f r e s h  m e d i a .
Dry w e i g h t s  o f  m i c r o o r g a n i s m s  were d e t e r m i n e d  b y  f i l t e r i n g  t h r e e  
r e p l i c a t e  v o l u m e s  o f  c u l t u r e  t h r o u g h  g l a s s  f i b e r  f i l t e r s  (Whatman GF/F,  
47mm d i a m e t e r ) .  E a c h  f i l t e r  w a s  p r e v i o u s l y  r i n s e d  w i t h  100 ml o f  
p a r t i c l e ^ f r e e  d i s t i l l e d  w a t e r  t o  remove l o o s e  f i b e r s ,  d r i e d  t o  a  
c o n s t a n t  t e m p e r a t u r e  a t  100°C,  a n d  w e i g h e d .  The f i l t e r s  w i t h  
m i c r o o r g a n i s m s  w e re  r i n s e d  w i t h  i s o t o n i c  ammonium f o r m a t e  ( 0 . 5  H) t o  
rem o v e  s e a  s a l t s  a n d  d r i e d  a t  100°C f o r  24  h t o  v o l a t i l i z e  t h e  ammonium 
f o r m a t e .  The  i n c r e a s e s  i n  d r y  w e i g h t  o f  t h e  t h r e e  f i l t e r s  w e r e  a v e r a g e d  
t o  y i e l d  t h e  d r y  w e i g h t  o f  m i c r o o r g a n i s m s .
C e l l  c o u n t *  o f  t h e  a l g a e  a n d  f l a g e l l a t e s  i n  c u l t u r e  w e r e  made by 
i n j e c t i n g  samp l e e  o f  c u l t u r e  i n t o  a n  A-0 " B r i g h t l l n e "  h e m a c y t o m e t e r  and 
c o u n t i n g  t h e  c e l l s  a t  200X o r  A50X m a g n i f i c a t i o n .  F u r t h e r  d e t a i l s  on 
t h e  c o u n t i n g  p r o c e d u r e  may be  f o u n d  i n  s e c t i o n  I I I .  S i n c e  d r y  w e i g h t
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d e t e r m i n a t i o n s  r e q u i r e d  2k  h t o  c o m p l e t e ,  t h e  d a l l y  r a t i o n s  v e re  
c a l c u l a t e d  f rom  t h e  c e l l  c o u n t  e q u v l a l e n t  o f  t h e  d r y  w e i g h t  r a t i o n .  Ho 
c e l l  c o u n t s  w e re  made on  t h e  e n r i c h m e n t  c u l t u r e ;  r a t i o n *  o f  t h e  
e n r i c h m e n t  c u l t u r e s  were  c a l c u l a t e d  from t h e  l a s t  c o m p l e t e d  dry w e ig h t  
d e t e r m i n a t i o n .  B a c t e r i a l  r a t i o n s  w ere  s i m i l a r l y  b a s e d  o n l y  on d r y  
w e i g h t  d e t e r m i n a t i o n s .
O y s t e r  g r o w t h  was m e a s u r e d  by  u n d e r w a t e r  w e i g h i n g  a s  d e s c r i b e d  by 
Andrews  ( 1 9 6 1 ) .  M e a s u r e m e n t s  were  made w i t h  a S a r t o r l u a  model 1202 MP 
b a l a n c e  w i t h  a d i g i t a l  r e a d o u t ,  s e n s i t i v e  t o  0 . 0 1  g.  The b a l a n c e  was 
s u p p o r t e d  o n  a  p l e x i g l a s s  f ram e  a b o v e  a  1*1 f l n g e r b o w l .  An aluminum 
me eh w e i g h i n g  p a n  was  s u s p e n d e d  f r o m  t h e  b a l a n c e  I n t o  t h e  f l n g e r b o w l .  
S u c c e s s i v e  w e i g h i n g s  were  c a r r i e d  o u t  i n  w a t e r  o f  s i m i l a r  d e p th ,  
s a l i n i t y ,  a n d  t e m p e r a t u r e .  O y s t e r s  w e r e  e x p o s e d  t o  t h e  a i r  o n l y  d u r i n g  
t h e  f ew  s e c o n d s  r e q u i r e d  t o  t r a n s f e r  them f r o m  t h e  t r a y s  t o  the  f i n g e r  
b o w l .  C a r e  was  t a k e n  n o t  t o  t r a p  a i r  b u b b l e s  on o r  u n d e r  t h e  s h e l l s .
U n d e r w a t e r  w e i g h i n g  I s  an  e a s i l y  p e r f o r m e d  g r o w th  measurem ent  t h a t  
1* b o t h  p r e c i s e  a n d  s e n s i t i v e  t o  t h e  s m a l l  w e i g h t  c h a n g e s  a s s o c i a t e d  
w i t h  J u v e n i l e  a n i m a l s .  R e p e a t e d  w e i g h i n g s  u n d e r w a t e r  w e re  p r e c i s e  t o  
0 . 0 1  g .  U n d e r w a t e r  w e i g h t  r e f l e c t s  o n l y  s h e l l  g r o w t h ,  s i n c e  s o f t  p a r t s  
h a v e  a  s p e c i f i c  g r a v i t y  s i m i l a r  t o  t h a t  o f  s e a w a t e r .  S h e l l  g row th  was 
t h e  g r o w t h  p a r a m e t e r  o f  m o s t  I n t e r e s t  t o  t h e  o v e r a l l  o b j e c t i v e s  o f  t h i s  
s t u d y .  L i n e a r  m e a s u r e m e n t s  o f  s h e l l  g r o w th  were  found  t o  be l e a s  
r e p r o d u c i b l e  due t o  t h e  i r r e g u l a r  g r o w t h  o f  t h e  s h e l l  m a rg in .
Mercenaria turtenflrifl
T h r e e  e x p e r i m e n t s  w e r e  p e r f o r m e d  t o  e v a l u a t e  t h e  g row th  o f  J u v e n i l e  
c l a m s  o n  m i c r o o r g a n i s m s  c u l t u r e d  on  BCSF. The  c lam s  were  o b t a i n e d  from 
t h e  VIMS E a s t e r n  S h o r e  L a b o r a t o r y  a t  W a c h a p r e a g u e , Va. ( c o u r t e s y  o f  M.
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C a s t a g n a ) .  They  were t h e  o f f s p r i n g  o f  a  a e t s  s p a w n in g  o f  l o c a l l y  
c o l l e c t e d  a d u l t s .  Upon a r r i v a l  a t  G l o u c e s t e r  P o i n t ,  t h e y  v e r e  h e l d  In 
t r a y s  I n  f l o w i n g  York R i v e r  w a t e r  f o r  two weeks b e f o r e  u s e  I n  t h e  f i r s t  
e x p e r i m e n t .  The  mean w e i g h t  o f  t h e  c l a m i  a t  t h e  s t a r t  o f  t h e s e  
e x p e r i m e n t s  was  0 . 1 9  g.
Each e x p e r i m e n t  i n v o l v e d  16 t r e a t m e n t s  c o n s i s t i n g  o f  f i v e  d i e t s  
t e s t e d  a t  t h r e e  c o n c e n t r a t i o n s  p l u s  one s t a r v e d  c o n t r o l .  The t h r e e  
c o n c e n t r a t i o n s  were 0 . 8 ,  1 . 6 ,  a n d  3 . 2  m g / 1 . The a l g a  J .  s u e c l c a  was 
I n c l u d e d  i n  a l l  t h r e e  e x p e r i m e n t s .  I n  e x p e r i m e n t  11 t h e  f o u r  o t h e r  
d i e t s  were  £ .  v e s t l t a . b o d o n l d  1 ,  b o d o n l d  2,  and  a n  e n r i c h m e n t  c u l t u r e .  
I n  e x p e r i m e n t  12 t h e  f o u r  o t h e r  d i e t s  w e re  £ ,  v e s t l t a . ch ry som onad  1, 
and  c h o a n o f l a g e l l a t e  1 . I n  e x p e r i m e n t  13 t h e  d i e t s  i n c l u d e d  f o u r  
b a c t e r i a ,  Faeudomonas marina. F l a v o b a c t e r  g£. . ftfrEaHlgnafi &£ .
M lo c r o c o c c u s  s p . A l l  m i c r o o r g a n i s m s  were  c u l t u r e d  on BCSF a s  p r e v i o u s l y  
d e s c r i b e d  f o r  £ .  v i r g l n l c a .
Fo r  g a c h  t r e a t m e n t  t e n  c l a m s  were  p l a c e d  i n  a  b e a k e r  c o n t a i n i n g  4 . 0  
1 o f  f i l t e r e d  ( 1 . 0  um ) , p a s t e u r i z e d ,  York  r i v e r  w a t e r .  The s a l i n i t y  o f  
t h e  e s t u a r l n e  w a t e r  r a n g e d  from IB t o  21 ° / o o  d u r i n g  t h e  e x p e r i m e n t s  and 
t h e  pH f rom  7 . 6  t o  6 . 2 .  The b e a k e r s  were k e p t  I n  a c o n s t a n t  t e m p e r a t u r e  
room a t  26°C and  were  g e n t l y  a e r a t e d .  Tw ice  a  day t h e  b e a k e r s  were 
c l e a n e d  and  t h e  w a t e r  was  c h a n g ed  f o l l o w i n g  w h i c h ,  t h e  m i c r o o r g a n i s m s  
w a re  a d d e d .  Clams v e r e  o b s e r v e d  t o  s t a r t  f i l t e r i n g  w i t h i n  m i n u t e s  a f t e r  
t h e  a d d i t i o n  o f  t h e  f o o d .
Each c la m  was  s t a i n e d  b l a c k  u s i n g  s tam p  p a d  i n k  24 h  p r i o r  t o  t h e  
a t a r t  o f  a n  e x p e r i m e n t .  Two weeks l a t e r  a t  t h e  end  o f  a n  e x p e r i m e n t ,  
t h e  w i d t h  o f  t h e  u n s t a i n e d  band  o f  new s h e l l  g r o w t h  was m e a s u r e d  w i t h  an 
o c c u l a r  m i c r o m e t e r  a t  40  X m a g n i f i c a t i o n .  Growth  I n c r e m e n t s ,  m easu red
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f o r  e a c h  I n d i v i d u a l  I n  e a c h  t r e a t m e n t ,  w e r e  com pared  w i t h  g r o w t h  o f  t h e  
a C a r v e d  c o n t r o l  c l a n s  by  D u n n e t t ' a  t e s t  f o r  m u l t i p l e  c o m p a r i s o n s  w i t h  a 
c o n t r o l  ( D u n n e t t ,  1 9 6 4 ) .  T r e a t m e n t s  t h a t  w e re  s i g n i f i c a n t l y  d i f f e r e n t  
( a l p h a  -  0 . 0 5 )  f rom  t h e  s t a r v e d  c o n t r o l  w e r e  t h e n  c o m p a red  by  two-way 
ANOVA w h i c h  e x a m i n e d  t h e  e f f e c t s  o f  d i e t  a n d  f o o d  c o n c e n t r a t i o n .  The 
S t u d e n t - N e u m a n n  K e u l ' e  s t a n d a r d i s e d  r a n g e  t e s t  ( a l p h a  -  0 . 0 5 )  was t h e n  
e m p l o y e d  t o  d e t e r m i n e  w h i c h  d i e t s  a n d  c o n c e n t r a t i o n s  d i f f e r e d  
s i g n i f i c a n t l y  ( Z a r .  1964)
RESULTS
S i x  r a t i o n s  o f  J .  s u e c l c a  v e r e  e xa m ined  I n  t h e  f i r s t  e x p e r i m e n t  t o  
d e t e r m i n e  t h e  minimum f o o d  r e q u i r e d  t o  a c h i e v e  max imal  g r o w th  u n d e r  t h e  
e x p e r i m e n t a l  c o n d i t i o n s  e m p loyed .  Growth I n c r e a s e d  w i t h  I n c r e a s i n g  
r a t i o n  up t o  8 0 . 0  m g /d a y  a n d  d e c l i n e d  s l i g h t l y  a t  160  m g/day  ( T a b l e  
IV,  1 ) .  P s e u d o  f e c e s  d i d  n o t  a c c u m u l a t e  I n  a n y  t r a y .  A l t h o u g h  t h e  
a m o u n t  o f  g r o w t h  o n  X- s u e c l c a  a t  4 0  mg/day  was o n l y  811 o f  t h a t  a t  80 
m g / d a y ,  t h i s  w a s  n o t  a  s i g n i f i c a n t  d i f f e r e n c e  ( p < , 0 5 ) ,  Growth o f  
o y s t e r s  f a d  !> m g /d a y  w a s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom  t h e  s t a r v e d  
t r e a t m e n t s .  I n  t h e  s u c c e e d i n g  e x p e r i m e n t s ,  a l l  d i e t s  w e re  f e d  a t  a 
r a t i o n  o f  80 m g / t r e a t m e n t / d a y ,
F i v e  s p e c i e s  o f  c o l o r l e s s  f l a g e l l a t e s  w e re  e v a l u a t e d  as  o y s t e r  
f o o d s  I n  e x p e r i m e n t s  two t h r o u g h  f i v e  ( T a b l e s  IV, 2 - IV .  5 ) .  O y s t e r  g ro w th  
w as  s i g n i f i c a n t l y  g r e a t e r  w i t h  £ ,  v e s t l t a  t h a n  any o t h e r  c o l o r l e s s  
f l a g e l l a t e  o r  s t a r v e d  t r e a t m e n t .  O y s t e r  g r o w t h  on a l l  o t h e r  s p e c i e s  was 
L e s s  t h a n  h a l f  t h e  g r o w t h  on £ .  v e s t l t a . G row th  on b o d o n l d  1 was 
a i g n l f I c a n t l y  g r e a t e r  t h a n  t h e  s t a r v e d  t r e a t m e n t  i n  e x p e r i m e n t s  two and 
t h r e e  h u t  n o t  I n  e x p e r i m e n t  f o u r .  T h i s  was t h e  o n l y  o t h e r  c o l o r l e s s  
f l a g e l l a t e  d i e t  o n  w h i c h  o y s t e r s  g r e w  s i g n i f i c a n t l y  more chan t h e  
s t a r v e d  t r e a t m e n t  ( p < , 0 5 ) ,  Growth o n  B odon ld  2, In  e x p e r i m e n t  tw o ,  was 
i d e n t i c a l  t o  t h e  s t a r v e d  t r e a t m e n t  a n d  t h i s  s p e c i e s  was n o t  c o n s i d e r e d  
f u r t h e r .  The  c h o a n o f l a g e l l a t e  gave  p o o r  g r o w t h  i n  e x p e r i m e n t  t h r e e  b u t  
b a t t e r  g r o w t h  i n  e x p e r i m e n t  f i v e .  The c h rysom onad  g a v e  b a t t e r  g r o w t h  
t h a n  t h e  c h o a n o f  l a g e l l a t e  i n  e x p e r i m e n t  f i v e  and  b e t t e r  g rowth  t h a n
1 20
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T ab le  I V .1
Growth In c r em e n ts  over two weeks o f  J u v e n i l e  G r a s s o s tr e a  v l r g l n l c s  f e d
a e v e n c o n c e n t r a t lo n s  o f  J .  a u e c lc a  (i>*25), e x p e r im e n t  1.
r a t i o n  ( m g /d a y )  w e i g h t  g a i n  + a . d .  (g )
0 0 . 0 3 + 0.0A
5 0 .0 A + 0.0A
10 0 . 1 2 + 0 .0 8
20 0 . 1 9 + 0 . 0 9
A0 0 . 2 6 4 0 .1 5
80 0 . 3 2 + 0 .1 6
160 0 . 3 0 + 0.1A
One way a n a l y s i s  o f v a r i a n c e  o f  the e f f e c t o f  d i e t  upon g r o w t h .
S o u r c e  o f  v a r i a t i o n Sum o f  
r e s
d . f . Mean s q u a r e  F r a t i o P
b e t w e e n  t r e a t m e n t s 2 . 1 5 6 0 . 3 5 8  2 9 . 3 < 0 . 0
v l t h l n  t r e a t m e n t s 2 .0 6 16 B 0 . 0 1 2
S t u d e n t s - N e u m a n n - K e u l a ’ t e s t  f o r  s i g n i f i c a n t  d i f f e r e n c e *  among d i e t s .  
B a r s  u n d e r l i n e  e q u a l  n c a n s  ( a l p h a  ”  0 . 0 5 ) .
0  mg 5 mg 10 mg 20 mg AO mg 160 Qg 80mg
122
Table I V . 2
Growth in crem en ts  over  two weeks o f  J u v e n i l e  C r a s s o s tr e a  v l r e l n i c a  fed
f i v e  d i e t s  and a s ta r v e d  c o n t r o l  ( n - 2 5 ) , exp er im en t 2 .
d i e t mean w e i g h t  g a i n  + s . d . (g>
P .  v e s t l t a 0 . 1 9  + 0 . 0 9
B o d o n l d  1 0 . 0 6  + 0 . 0 3
B o d o n ld  2 0 .0 1  + 0 . 0 1
e n r i c h m e n t 0 . 2 0  + 0 . 1 6
T .  a u e c l c a 0 . 2 8  + 0 . 1 6
s t a r v e d 0 . 0 1  + 0 . 0 1
One way a n a l y s  La o f v a r i a n c e  o f  t h e  e f f e c t  o f  d i e t  upon g ro w th .
S o u r c e  o f  v a r i a t i o n Sum o f  d .  f  - 
s q u a r e s
Mean e q u a r e  F r a t i o P
b e t w e e n  t r e a t m e n t s  
w i t h i n  t r e a t m e n t s
1 .5 4  b 
1 .0 6  144
0 . 3 0 8  4 1 . B 
0 .0 0 7
<0. 00
S t u d e n t s - Neumann‘ K e u l s 1 t e s t  f o r  e l g n i f l e a n t  d i f f e r e n c e s  among d i e t s .  
B a r s  u n d e r l i n e  e q u a l  means ( a l p h a  “  0 . 0 5 } .
I ,  a u e c l c a  enrichm ent £ .  v e s t l t a  Bodonld 1 Bodonld 2 s ta r v e d
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T ab le  I V . 3
Growth Increm ents  over  two w eek s  o f  J u v e n i l e  C r a s s o s t r e a  v l r g i n l c a  fed
f i v e  d i e t s  and s  s ta r v e d  c o n t r o l  ( n -2 5)t e x p e r im e n t  3.
d i e t mean w e i g h t  g a i n  + s . d .  ( g )
P.  v e s t l t a 0 .2 2 + 0 . 1 0
B o d o n l d  1 0 . 0 8 + 0 . 0 3
C h o a n o f  l a g e l l a t e 0 . 0 2 + 0 . 0 2
e n r i c h m e n t 0 . 0 7 + 0 . 0 3
T. a u e c l t a 0 . 3 5 + 0 . 1 6
s t a r v e d 0 .0 1 + 0 . 0 1
One way  a n a l y s i s  o f  v a r i a n c e  o f  t h e  e f f e c t  o f  d i e t  upon g r o w t h .
S o u r c e  o f  v a r i a t i o n Sum o f  d . f .  Mean s q u a r e  
s a u a r e s
F r a t i o  p
b e t w e e n  t r e a t m e n t s  
w i t h i n  t r e a t m e n t s
2 . 2 1  5 0 . 4 4 2  
0 . 9 5  144 0 . 0 0 6
6 6 .7  < 0 . 0
S t u d e n t s •N e u n a n n - K e u lc ' t e s t  f o r  s i g n i f i c a n t  d i f f e r e n c e s  
B a r s  u n d e r l i n e  e q u a l  means ( a l p h a  -  0 . 0 5 ) .
among d i e t s  .
X. s u e c l c a  £ ,  v e s t l t a  Bodonld  1 en r ich m en t C h o a n o f l a g e l l a t e  s t a r v e d
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T ab le  IV ,4
Growth Increm en ts  over  two weeks o f  J u v e n i l e  C r a s s o s t r e a  v l r g l n i c a  f e d
f iv e  d i e t s  and a s t a r v e d  c o n t r o l  (n -2 5 )  t e x p e r im e n t  4 .
d ie t  mean weight g a in  4  a .d .  (g)
£ .  y e s t L t a  
ChrysoDOnad 
Bodonld 1 
e n r i c h m e n t  
I -  s u e c l c a  
s t a r v e d
0 . 1 5  + 0 , OB 
0 . 0 6  + 0 . 0 4  
0 . 0 3  4 0 . 0 2  
0 . 0 9  4 0 . 0 6  
0 . 3 7  4 0 . 2 3  
0 . 0 2  4  0 . 0 1
One way a n a l y s i s  o f  v a r i a n ce  o f  t h e  e f f e c t  o f  d i e t  upon g r o w t h .
Source  o f  v a r i a t i o n Sum o f  
s q u a r e s
d . f , Kean  s q u a r e F r a t i o P
be tw e en  t r e a t m e n t s 2.  IB 5 0 , 4 3 6 4 1 . 4 < 0 . 0
w i t h i n  t r e a t m e n t s 1 ,5 2 144 0 . 0 1 0
S t u d e n t s - N e u m a n n - K e u l s ' t e s t  f o r  s i g n i f i c a n t  d i f f e r e n c e s  among d i e t s .  
Bars  u n d e r l i n e  e q u a l  means ( a l p h a  — 0 . 0 5 ) .
I .  s u e c l c a  £ .  v e s t l t a  en r ichm ent Chrysomonad Bodonid 1 s t a r v e d
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T ab le  I V . 5
Growth I n c r e m e n ts  over  two weeks o f  J u v e n i l e  Q r a s s o s c r e a  v l r g l n l c a  fed
f i v e  d i e t s  and a s t a r v e d  c o n t r o l  ( n - 2 5 ) ,  e x p e r im e n t  5 .
d i e t  mean  w e i g h t  g a i n  + s . d .  ( g )
F. v e s t l t a 0 . 1 9  ■+ 0 . 1 4
Chrysom onad 0 . 0 7  + 0 . 0 5
C h o a n o f l a g e 1 l a c e 0 . 0 6  + 0 . 0 3
e n r i c h m e n t 0 . 2 2  + 0 . 1 5
T. s u e c l c a 0 . 3 3  + 0 . 1 7
s t a r v e d 0 . 0 1  + 0 , 0 1
One way  a n a l y s i s  o f v a r i a n c e  o f  t h e e f f e c t  o f  d i e t  upon  g r o w t h .
S o u r c e  o f  v a r i a t i o n Sum o f  
s q u a r e s
d . f .  Mean s q u a r e  F r a t i o  F
b e t w e e n  t r e a t m e n t s  
w i t h i n  t r e a t m e n t s
1 , 7 5
1 . 0 6
5 0 . 3 5 1  2 6 . 8  < 0 . 0 0  
144 0 . 0 1 3
S t u d e n t s - N e u m a n n - K e u l s ' t e s t  f o r  s i g n i f i c a n t  d i f f e r e n c e s  among d i e t s .  
B a r s  u n d e r l i n e  e q u a l  m eans  ( a l p h a  -  0 , 0 5 ) .
I ,  s u e c l c a  e n r ic h m e n t  £ .  v e s t l t a  Chrysomonad C h o a n o f l a g e l l a t e  s ta r v e d
1 2 b
b o d o n l d  1 I n  e x p e r i m e n t  f o u r ,  b u t  I n  n e i t h e r  c a s e  wee  I t  s i g n i f i c a n t l y  
g r e a t e r  t h a n  t h e  s t a r v e d  c o n t r o l .  From t h i s  l i m i t e d  number o f  
c o m p a r i s o n s , t h e  c o l o r l e s s  f l a g e l l a t e s  c a n  b e  r a n k e d  a s  o y s t e r  f o o d s  as  
f o l l o w s :  £ .  y e  s  1 1 > b o d o n l d  1 > c h ry s o m o n a d  > c h o a n o f  l a g e l l a t e  >
b o d o n l d  2.
The  e n r i c h m e n t  c u l t u r e  was a l s o  e x a m in e d  as  a n  o y s t e r  f o o d  i n  
e x p e r i m e n t s  tw o  th r o u g h  f i v e .  I t  r e s u l t e d  i n  g r e a t e r  g r o w th  t h a n  £ .  
v e s t l t a  I n  two e x p e r i m e n t s  ( T a b l e s  I V . 2 a n d  I V . 5 ) ,  b u t  t h e  d i f f e r e n c e s  
w e r e  n o t  s i g n i f i c a n t  ( p < * 0 5 ) .  I n  e x p e r i m e n t  t h r e e  i t  r e s u l t e d  i n  p o o r e r  
g r o w t h  t h a n  £ .  v e s t l t a , b u t  was s t i l l  s i g n i f i c a n t l y  g r e a t e r  t h a n  t h e  
s t a r v e d  t r e a t m e n t .  I n  e x p e r i m e n t  f o u r  1c r e s u l t e d  I n  p o o r  g r o w t h  w h i c h  
was n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom  t h e  s t a r v e d  t r e a t m e n t .
S i x  r a t i o n s  o f  £ .  v e s t l t a  w e r e  t e s t e d  i n  e x p e r i m e n t  6 ( T a b l e  IV. 6 ) ,  
G r o w th  I n c r e a s e d  w i th  i n c r e a s i n g  r a t i o n  up t o  80 mg b u t  d e c r e a s e d  
s i g n i f i c a n t l y  a t  180 mg. T he re  w e r e ,  h o w e v e r ,  no s i g n i f i c a n t  
d i f f e r e n c e s  b e t w e e n  20 mg and  40 mg and  b e t w e e n  40 mg and  80 mg. Growth  
o n  t h e  5 mg r a t i o n  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  t h e  s t a r v e d  
c o n t r o l .  M o n o s p e c i f i c  a n d  c o m b i n a t i o n  d i e t s  o f  X. s u e c l c a  a n d  £ .  v e s t l t a  
w e re  c o m p a r e d  I n  e x p e r i m e n t s  s e v e n ,  e i g h t ,  a n d  n i n e  ( T a b l e s  I V . 7 ,  6 ,  and 
9)  . J ,  s u e c l c a  a t  BO m g /d a y  r e s u l t e d  I n  t h e  g r e a t e s t  g r o w th  i n  a l l  
t h r e e  e x p e r i m e n t s  b u t  o n l y  I n  e x p e r i m e n t  n i n e  was I t  s i g n i f i c a n t l y  
g r e a t e r  t h a n  a l l  o t h e r  d i e t s .  D i e t s  c o m b i n in g  40 m g / d a y  o f  I ,  s p e c i e  a 
w i t h  4 0  m g /d a y  o f  £ .  v e s t l t a  r e s u l t e d  In  86%, 7 9 l ,  a n d  71% o f  t h e  g r o w t h  
t h a t  o c c u r r e d  w i t h  80 m g /d a y  o f  I -  s u e c l c a ■ T h i s  c o m b i n a t i o n  r e s u l t e d  
I n  g r e a t e r  g r o w t h  t h a n  d i d  t h e  d i e t  o f  40 m g /d a y  o f  X- s u e c l c a  a l o n e ,  i n  
a l l  t h r e e  e x p e r i m e n t s .  O n ly  I n  e x p e r i m e n t  e i g h t  d i d  t h e  c o m b i n a t i o n  o f  
80 m g /d a y  £ .  v e s t l t a  w i t h  40 m g/day  J .  s u e c l c a  r e s u l t  i n  more g r o w t h
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T a b le  I V .6
Growth In crem en ts  o v e r  two w eeks  o f  J u v e n i l e  C r a i s p s t r a a  v l r a l n l c a  f e d
■ even  c o n c e n t r a t i o n s  o f  £ ,  v e s t l t a  ( n - 2 5 ) ,  e x p e r im en t  6.
r a t i o n ( m g /d a y )  we i g h t  g a i n  + a . d .  ( g )
0 0 . 0 1 + 0 . 0 1
5 0 , 0 1 + 0 . 0 1
10 0 , 0 7 + O.OA
20 0.1A + 0 . 0 9
A0 0 . 1 7 + 0 . 1 3
BO 0 . 2 1 + 0 . 1 2
160 0 , 1 5 + 0 . 1 0
One wey a n a l y s i s  o f v a r i a n c e  o f  t h e  e f f e c t  o f  d i e t  upon  g r o w t h .
S o u r c e o f  v a r i a t i o n Sum o f  d . f .  Mean s q u a r e  F  r a t i o  
tavLar.ee
P
b e t w e e n
w i t h i n
t r e a t m e n t s
t r e a t m e n t s
0.9A 6 0 . 1 5 6  2 1 , 3  
1 ,2 3  166 0 . 0 0 7
< 0 . 0
S t u d e n t s - N e u m a n n - K s u l s '  t e s t  f o r  s i g n i f i c a n t  d i f f e r e n c e s  among d i e t s .  
B a r s  u n d e r l i n e  e q u a l  means ( a l p h a  -  0 , 0 5 ) .
SO mg AO ng  160 mg 20 mg 10  mg 0 mg 5 mg
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Table I V .7
Growth I n c r e p e n t s  o v e r  two week* o f  j u v e n i l e  C r a s s o s tr e a  v l r g l n l c a  fed
a l g a l ,  p r o t o c o a l ,  and combination d i e t s  and a s t a r v e d  c o n t r o l  ( n -2 5 ) ,
e x p e r im e n t  7 ,
d i e t  c o m p o s i t i o n  r a t i o n  mean w e i g h t  g a i n  + s . d .
(m g /d a y )  ( g )
1 I .  a u e c l e a  8 0 . 0  0 , 2 9  + 0 . 1 5
£ I . s u e c l c a  4 0 . 0  0 , 2 1 + 0 . 1 1
3 £ .  v e s t l t a  0 0 . 0  0 , 1 6  + 0 . 1 3
4 J .  s u e c l c a  4 0 . 0  0 . 2 5 + 0 , 1 7
E ■ v e s t l t a  4 0 . 0
5 I .  s u e c l c a  4 0 . 0  0 , 2 4 + 0 . 1 5
E  v e s t l t a  8 0 . 0
6 s t a r v e d  0 . 0 1  + 0 . 0 1
One way a n a l y s i s  o f  v a r i a n c e  o f  t h e  e f f e c t  o f  d i e t  upon g r o w t h .
S o u r c e  o f  v a r i a t i o n Sum o f  d . f .  Mean s q u a r e  
■ a u a r e a
F r a t i o F
b e t w e e n  t r e a t m e n t s  
w i t h i n  t r e a t m e n t s
1 . 2 5  5 0 . 2 4 9  
2 , 4 9  144 0 . 0 1 7
1 4 .4 < 0 .0 0
S t u d e n t s - N e u m a n n - K e u I s ' t e s t  f o r  s i g n i f i c a n t  d i f f e r e n c e s  
B a r s  u n d e r l i n e  e q u a l  m eans  ( a l p h a  -  0 , 0 5 ) .
among d i e t s .
d i e t  1 d i e t  4 d i e t  5 d i e t  2 d i e t  3 d i e t  6
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T able  IV.B
Growth in crem en ts  o v e r  two w eeks  o f  J u v e n i l e  C r a s s o s t r e e  v i r g l n l c a  fed
a l g a l ,  p r o t o z o a l ,  and c o m b in a t io n  d i e t s  and a s t a r v e d  c o n t r o l  ( n - 2 5 ) ,
exper im en t B.
d i e t c o m p o s i t i o n r a t i o n
{mg/day)
b e a n  w e i g h t  g a i n  + a . d .  
( g )
1 T .  a u e c i c a ao.o 0 . 3 4  + 0 .1 B
2 T,  s u e c l c a 4 0 . 0 0 . 2 2  + 0 . 1 3
3 t  ymitfl 6 0 . 0 0 . 2 0  + 0 , 1 1
4 T.  a u e c i c a 4 0 . 0 0 . 2 7  + 0 , 1 4
P,  y e s t i t a 4 0 . 0
5 T.  s u e c l c a 4 0 . 0 0 , 2 9  + 0 . 1 5
P.  v e s t i t s 60 .0
6 s t a r v e d 0 . 0 1  + 0 . 0 1
One way a n a l y s i s  o f v a r i a n c e  o f  t h e  e f f e c t  o f  d i e t  upon  g ro w th .
Source  o f  v a r i a t i o n Sum o f  d . f . 
s q u a r e s
Hean  s q u a r e F r a t i o  F
be tw e en  t r e a t m e n t s  
w i t h i n  t r e a t m e n t s
1 .6 6  5 
2 .4 8  144
0 . 3 3 3
0 . 0 1 7
1 9 . 3  < 0 .0 0
S t u d e n t s - N e u m a n n - K e u l  a ' t e s t  f o r  s i g n i f i c a n t  d i f f e r e n c e s  
B a r s  u n d e r l i n e  e q u a l  means ( a l p h a  -  0 . 0 5 ) .
among d i e t s .
d i e t  1 d i e t  5 d i e t  4 d i e t  3 d i e t  2 d i e t  6
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Table I V .9
Growth Inc reliant e over  two weeks o f  j u v e n i l e  C ra a so a trea  v l r y l n l c a  fed
a l g a l ,  p r o t o z o a l ,  and com b in ation  d i e t s  and a s ta r v e d  c o n t r o l  (n^25).
exp er im en t 9.
d i e t c o m p o s i t i o n r a t i o n
{mg/day)
mean w e i g h t  g a i n  + s . d .
<g)
1 T. s u e c l c a 8 0 ,0 0 .3 7  + 0 . 1 6
2 I -  a v te lsA 4 0 . 0 0 . 2 4  + 0 . 1 4
3 P. v e s t l t a 8 0 .0 0 . 1 5  + 0.0B
4 T. a u e c i c a  
P.  v e s t l t a
4 0 . 0
4 0 . 0
0 . 2 6  + 0 . 1 1
5 T. a u e c i c a  
P. v e s t l t a
4 0 . 0
8 0 .0
0 . 2 3  + 0 . 1 3
6 s t a r v e d 0 . 0 1  + 0 . 0 1
One way a n a l y s i s  o f  v a r i a n c e  o f  t h e  e f f e c t  o f  d i e t  upon g ro w th .
Source o f  v a r i a t i o n Sum o f  
a a u a r e e
d . f . Hean s q u a r e  F r a t i o  P
b e tw e e n
w i t h i n
t r e a t m e n t s
t r e a t m e n t s
1 .8 6
1 .9 9
5
144
0 . 3 7 3  27 .1  <0 , 0 0  
0 . 0 1 3
S t u d e n t s - Neumann*Keuls’ t a s t  f o r  i l g n l f l e a n t  d i f f e r e n c e s  among d i e t s .  
Bara u n d e r l i n e  e q u a l  means { a l p h a  -  0 , 0 5 ) .
d i e t  1 d i e t  4 d i e t  2 d i e t  5 d i e t  3 d i e t  6
mt h a n  t h e  c o m b i n a t i o n  o f  40 m g/day  f \  v e s t l t a  w i th  40 mg/day  X- a u e c i c a . 
I n  e x p e r i m e n t s  s e v e n  a n d  n i n e ,  80 mg/day o f  £ .  v e s t l t a  r e s u l t e d  I n  l e s s  
g r o w t h  chan  40  m g/day  o f  J*  a u e c i c a . b u t  o n l y  In  e x p e r i m e n t  n ine  was t h e  
d i f f e r e n c e  s t a t i s t i c a l l y  s i g n i f i c a n t .
No g r o w t h  was n o t e d  i n  any t r e a t m e n t  I n  which o y s t e r s  were f e d  a 
p u r e l y  b a c t e r i a l  d i e t  ( T a b l e  I V . 1 0 ) .  The mean w e igh t  g a i n s  o f  o y s t e r s  
f e d  b a c t e r i a l  d i e t s  were  l e s s  t h a n  t h o s e  o f  the  s t a r v e d  c o n t r o l  
o y s t e r s .  The  l a c k  o f  g r o w t h  on t h e  b a c t e r i a l  d i e t s  was n o t  due t o  poor  
w a t e r  q u a l i t y  s i n c e  t h e  g r o w th  o n  I .  a u e c i c a  was com pa rab le  to  t h a t  In  
o t h e r  e x p e r i m e n t s , S i m i l a r l y ,  p o o r  growth  o f  c lams f e d  b a c t e r i a l  d i e t s  
o c c u r r e d  i n  e x p e r l n t  13 ( T a b l e  I V . 1 4 ) .  Only w i t h  two b a c t e r i a l  d i e t s ,  
Ae rom onas  gf i.  a t  3 . 2  a g / 1  and  F l a v o b a c t e t  a t  0 , 8  m g / 1 , d id  c lam 
g r o w t h  e x c e e d  t h a t  f o r  t h e  s t a r v e d  c o n t r o l  c lams and o n l y  the  fo rm e r  was 
s i g n i f i c a n t l y  g r e a t e r  when com pared  by O u n n e t t ' a  t e s t  ( a l p h a  -  0 . 0 5 ) ,  
T h e r e  was no f u r t h e r  s t a t i s t i c a l  a n a l y s i s  o f  t h i s  e x p e r i m e n t .
Hean  o y s t e r  g r o w th  when f e d  a n  80 mg/day r a t i o n  o f  e i t h e r  £ .  
v e s t l t a  o r  J .  a u e c i c a  I s  s u m m a r i z e d  f o r  a l l  e x p e r i m e n t s  i n  Table  I V . H ,  
O y s t e r  g r o w t h  on  j j .  v e s t l t a  I s  e x p r e s s e d  a s  t h e  p e r c e n t a g e  o f  g rowth  
t h a t  o c c u r r e d  w i t h  X- a u e c i c a  f o r  e a c h  o f  t h e  seven  e x p e r i m e n t s  I n  which 
t h e y  w e r e  t e s t e d  s i m u l t a n e o u s l y .  The mean o y s t e r  g row th  on £,  v e s t l  t a  
was 5 5 |  o f  t h a t  on X- s u e c l c a . I t  ranged  from 4 0 t  i n  e x p e r i m e n t  f o u r  to 
601 i n  e x p e r i m e n t  t w o .
R e s u l t s  o f  t h e  c l a m  e x p e r i m e n t s  were s i m i l a r  to  t h o s e  o f  t h e  o y s t e r  
e x p e r i m e n t s .  The s p e c i e s  p r o v i d e d  as  food  had  * s i g n i f i c a n t  e f f e c t  upon 
g r o w t h  i n  e x p e r i m e n t  11 ,  b u t  f o o d  c o n c e n t r a t i o n  d i d  n o t  (T ab le  IV, 12) .
I n  e x p e r i m e n t  12 ( T a b l e  IV ,  1 3 ) ,  b o t h  s p e c i e s  and  c o n c e n t r a t i o n  h a d  
s i g n i f i c a n t  e f f e c t s  upon  g row th  b u t  a s i g n i f i c a n t  i n t e r a c t i o n  o c c u r r e d
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Table I V , 10
Growth in c re m en ts  over two weeks o f  J u v e n i l e  C r a a s o s tr e a  v l ^ g ln l^ n  fed
f i v e  d i e t s  and a s ta r v e d  c o n t r o l  ( n ^ 2 5 ) , exp er im en t 10 .
d i e t mean w e i g h t  g a i n  + * -d .  (g )
Pseudom onas  m a r i n a 0 . 0 0 7  + 0 .0 0 7
Aerom onas  s o . 0 . 0 0 5  + 0 . 0 0 6
F l a v o b a c t e r  s o . 0 , 0 0 3  + 0 . 0 0 5
H i c r o c o c c u s  s o . 0 . 0 0 2  + 0 . 0 0 4
T. s u e c l c a 0 . 3 0  + 0 . 1 8
s t a r v e d 0 . 0 1  + 0 . 0 1
One way a n a l y s i s  o f  v a r i a n c e  o f  t h e  e f f e c t  o f  d i e t  upon  g r o w t h .
S o u r c e  o f  v a r i a t i o n Sunt o f  d .  f . 
SQUftTefi
Hean  s q u a r e  F r a t i o P
b e t w e e n  t r e a t m e n t s  
w i t h i n  t r e a t m e n t s
1 .7 7  5 
0 . 7 6  144
0 . 3 5 4  6 7 . 3  
0 . 0 0 5
< 0 . 0
S t u d e n t * - N e u m a n n - K e u l s ' t e s t  f o r  s i g n i f i c a n t  d i f f e r e n c e s  among d i e t s .  
B a r a  u n d e r l i n e  e q u a l  means ( a l p h a  -  0 , 0 5 ) .
I -  JtU££l£A s t a r v e d  £ . m a r i n a  Aeromonas F l a v o b a c t e r  H i t r s c o c c u s
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Table IV .11
C om p a r i s o n  o f  g r o w t h  o f  j u v e n i l e  Cy f t f l s o j t r e a  v l r g l n l c a  f e d  
Fftrflp^vsompnas v e s t l t a  and T e t r a s e l m l B  a u e c i c a  from n i n e  e x p e r i m e n t s .
e x p e r i m e n t mean w e i g h t  
( g ra m s )
g a i n p e r c e n t a g e
P. v e s t l t a T. a u e c i c a
1 0 .3 2
2 0 . 1 9 0 . 2 8 68
3 0 . 2 2 0 . 3 5 63
4 0 . 1 5 0 .3 7 40
5 0 . 1 9 0 .3 3 59
6 0 . 2 1 - -
7 0 . 1 6 0 .2 9 55
B 0 . 2 0 0 .3 4 59
9 0 . 1 5 0 .3 7 41
10 0 , 3 0 --
mean 0 .  IB 0 . 3 3 55
s t a n d a r d  d e v i a t i o n  0 .0 2 7 0 .0 3 3 11
c o e f f i c i e n t
v a r i a t i o n
o f  0 . U B 0 . 1 0 0 , 1 9 4
+ g r o w t h  on ( L .  v e s t l t a  /  L  a u e c l E a ) X 100
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T a b le  I V .12
Growth in c r e m e n ts  over  two weeks o f  J u v e n i l e  H e y c e n a r la  m ercan ar la  f e d
f i v e  d i e t s  a t  th r ee  c o n c e n t r a t i o n s  end * s t a r v e d  c o n t r o l  ( n - 1 0 ) ,
e x p e r im e n t  1 1 .
d i e t  c o n c e n t r a t i o n  mean s h e l l  I n c r e m e n t  -f e , d .
(mg/1) (mm)
P.  v e s t l t a 0.B 0 . 4 0 + 0 .1 7
1.6 0 . 4 2 + 0 .2 3
3 . 2 0 . 5 0 + 0 , 2 0
B o d o n l d  1 0.8 0 . 1 3 + 0 . 1 3
1.6 0 . 1 7 + 0 .  IB
3.2 0 . 1 2 + 0 . 1 5 *
B o d o n l d  2 0 .8 0 . 2 0 + 0 .  IB
1 ,6 0 . 1 9 + 0 , 1 9
3 .2 0 . 1 0 0 . 0B*
T.  a u e c i c a 0 . 8 0 . 5 9 + 0 . 1 9
1 .6 0 . 0 1 + 0 .3 1
3 .2 0 . 5 9 + 0 . 3 0
e n r i c h m e n t 0 . 8 0 . 0 0 + 0 .0 9 *
1 .6 0 , 2 0 + 0 , 1 0
3.2 0 , 1 7 + 0 , 1 1
s t a r v e d 0 , 0 7 + 0 . 1 0
Two way f a c t o r i a l  a n a l y s i s  o f  v a r i a n c e  o f  t h e  e f f e c t s  o f  d i e t  and 
c o n c e n t r a t i o n  upon g r o w t h  ( s t a r v e d  i s  n o t  i n c l u d e d ) .
S o u r c e  o f  v a r i a t i o n Sum o f  
t q u a r e s
d . f . H ean  s q u a r e F r a t i o P
d i e t 6 .9 2 4 1 . 7 3 4 8 .  5 < 0 .0 0
c o n c e n t r a t i o n 0 .1 5 3 2 0 . 0 7 6 2 .1 4 0 . 1 2
i n t e r a c t i o n 0 .5 4 1 8 0 .0 6 B 1 .8 9 0 . 0 6
r e s i d u a l 4 .8 1 135 0 . 0 3 6
t o t a l 12 .4 149 0.OB3
S t u d e n t s -N e u m a n n -K eu l s '  t e s t  f o r  s i g n i f i c a n t  d i f f e r e n c e s  among d i e t s .  
B a r s  u n d e r l i n e  e q u a l  m eans  ( a l p h a  — 0 . 0 5 ) ,
I .  a u e c i c a  £ .  v e s t l t a  Bodoni d  2 e n r i c h m e n t  Bod o n I d  1
*  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom  t h e  s t a r v e d  c o n t r o l  ( a l p h a  -  0 , 0 5 ;  
D u n n e t t ' s  t e s t  s t a t i s t i c  -  0 , 0 3 6 )
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T a b le  I V .13
Growth Increm ents over  two weeks o f  J u v e n i l e  H e r c e n a r la  n a r c e n a r la  f e d
f i v e  d l e t a  a t  t h r e e  c o n c e n t r a t io n s  and a s t a r v e d  c o n t r o l  ( n - 1 0 ) ,
e x p e r im e n t  12,
d i e t c o n c e n t r a t i o n
(Bfi/1)
mean
(tftffl)
s h e l l  i n c r e m e n t  + s . d .
P .  v e s t l t a 0.B 0 . 2 4 + 0 . 1 1
1 .6 0, 38 + 0 . 2 4
3 .2 0 .5 2 + 0 . 1 7
Chrysomonad o . a 0 .2 5 + 0 . 0 5
1 . 6 0 . 3 1 + 0 . 1 7
3 .2 0 . 2 2 + 0 . 1 5
C h o a n o f l  age  H a t e 0 . 0 0 . 0 5 + 0 . 0 6 *
1 .6 0 . 0 7 + 0 . 0 7 *
3 .2 0 . 0 6 + 0 . 0 6 *
T.  auecica 0 , 8 0 . 4 8 + 0 . 2 3
1 .6 0 . 7 9 + 0 . 3 1
3 .2 0 . 6 4 + 0 . 2 8
e n r i c h m e n t 0 . 0 0 . 1 8 + 0 . 1 5
1 .6 0 . 1 8 + 0 . 1 7
3 .2 0 . 1 0 + 0 . 0 9 *
s t a r v e d 0 . 1 0 + 0 . 0 9
Two way f a c t o r i a l  a n a l y s i s  o f  v a r i a n c e  o f  
c o n c e n t r a t i o n  upon  g row th  ( s t a r v e d  i s  n o t
t h e  e f f e c t s  o f  
i n c l u d e d ) .
d i e t  a n d
S o u r c e  o f  v a r i a t i o n Sum o f  
s q u a r e s
d . f . Kean s q u a r e F r a t i o P
d i e t 3 . 9 0 3 0 .8 5 1 2 2 . 8 < 0 . 0 0
c o n c e n t r a t i o n 0 . 3 5 3 2 0 ,1 7 6 4 . 7 3 0 . 0 1
I n t e r a c t i o n 0 . 6 0 9 6 0 .1 0 2 2 , 7 3 0 . 0 2
r e s i d u a l 4 .8 1 135 0 .0 3 6
t o t a l 1 2 ,4 149 0 .0 8 3
S t u d e n t s - N e u m a n n - K e u I s  * t e s t  f o r s i g n i f i c a n t  d i f f e r e n c e s among d i e t s .
B a r s  u n d e r l i n e  e q u a l  means ( a l p h a -  0 , 0 5 ) .
I .  a u e c i c a  £ .  v e s t l t a  Chrysomonad E n r i c h m e n t
* n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom  t h e  s t a r v e d  c o n t r o l  ( a l p h a  — 0 , 0 5 ;  
D u n n e t t ' s  t e s t  s t a t i s t i c  -  0 . 0 3 1 }
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T abla  I V ,14
Growth in c r e m e n ts  o v e r  two w eeks  o f  J u v e n i l e  m e r c e n a r la  fa d
f i v e  d i e t «  a t  t h r e e  c o n c e n t r a t i o n !  and a a t a r v e d  c o n t r o l  ( n -1 0 )  ,
e x p e r im e n t  13 .
d i e t c o n c e n t r a t i o n  
<“ g / l )
8
IS
• h e l l  I n c r e m e n t  + a . d .
P.  m a r i n a o . a 0 . 0 5 + 0 . 07 *
1 . 6 0 . 0 6 + 0 . 0 6 *
3 , 2 0 . 0 4 + 0 . 05 *
Aeroraonaa  a n . 0 . 0 0 . 0 5 + 0 . 06 *
1 . 6 0 . 1 0 + 0 . 06 *
3 . 2 0 . 1 5 + 0 . 1 0
F l a v o b a c i e r  a o . 0 . 6 0 . 1 2 + 0 . 06 *
1 . 6 0 . 0 3 + o . o s *
3 . 2 0 . 0 4 + 0 . 06 *
H l c r o c o c c u a  a n . . 8 0 . 0 2 + 0 . 04 *
1 . 6 0 . 0 4 4 0 . 04 *
3 . 2 0 . 0 3 4 0 , 05 *
T. a u e c i c a 0 . 8 0 . 62 + 0 . 1 8
1 . 6 0 . 7 9 + 0 . 3 3
3 . 2 0 . 6 0 + 0 . 3 1
s t a r v e d 0 , 1 1 + 0 . 0 8
* n o t  a l g n l f i c a n t l y  d i f f e r e n t  f rom  t h e  a t a r v e d  c o n t r o l  ( a l p h a  -  0 . 0 5 ;  
D u n n e t t ' a  t e s t  a t a t l a t l c  -  0 . 0 1 9 )
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b e t w e e n  th e m .  F o r  t h i s  r e a s o n , t h e  d i e t s  w e re  com pa red  b y  t h e  S t u d e n t -  
Heumann- K e u l ' m t e s t  a c r o s s  a l l  c o n c e n t r a t i o n s .  I n  b o t h  e x p e r i m e n t s  
g r o w th  w a s  b e s t  f o r  a  X- s u e c i c a  d i e t  and  s i g n i f i c a n t l y  g r e a t e r  t h a n  f o r  
a n y  o t h e r  d i e t .  £ .  v e s t l t a  was a g a i n  t h e  b e s t  c o l o r l e e a  f l a g e l l a t e  d i e t  
a n d  s i g n i f i c a n t l y  g r e a t e r  g rowth  o c c u r r e d  on £ .  v e a f f t a  t h a n  on t h e  
o t h e r  c o l o r l e s s  f l a g e l l a t e  s p e c i e s  I n  b o t h  e x p e r i m e n t s .  When c o m p a r e d  
a c r o s s  a l l  c o n c e n t r a t i o n s ,  g rowth  on £ ,  v e s t l t a  was 71* a n d  59* 
r e s p e c t i v e l y ,  o f  t h e  g r o w t h  on a u e c i c a . I n  e x p e r i m e n t  11,  b o t h  
b o d o n l d  1 a n d  b o d o n l d  2 h a d  t r e a t m e n t s  t h a t  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  
f ro m  t h e  s t a r v e d  c o n t r o l .  I n  e x p e r i m e n t  12, g r o w t h  o n  t h e  
c h o a n o f l a g e l l a t e  a t  a l l  c o n c e n t r a t i o n s  was l e s s  t h a n  t h a t  f o r  t h e  
s t a r v e d  c o n t r o l .  G r o w th  o f  c l a m s  f e d  t h e  ch ry s o m o n a d  a t  a l l  
c o n c e n t r a t i o n s  was s i g n i f i c a n t l y  g r e a t e r  t h a n  t h e  s t a r v e d  c o n t r o l  c l a m s  
b u t  was s t i l l  s i g n i f i c a n t l y  l e s s  t h a n  g rowth  o f  c lams  f e d  £,  v e s t l t a . 
Growth  o n  t h e  e n r i c h m e n t  c u l t u r e s  was p o o r  i n  b o t h  e x p e r i m e n t s .
DISCUSSION
B i v a l v e  g r o w t h  i s  h i g h l y  d e p e n d e n t  on  w a t e r  q u a l i t y .  S h o r t  t e r n  
f l u c t u a t i o n s  i n  w a t e r  q u a l i t y  o f t e n  n a k e  t h e  r e s u l t s  o f  s e q u e n t i a l  
g r o w t h  e x p e r i m e n t s  d i f f i c u l t  t o  I n t e r p r e t .  T h i s  i s  e s p e c i a l l y  t r u e  when 
e x p e r i m e n t s  a r e  p e r f o r m e d  w i t h o u t  any  p h y s i o - c h e m i c a l  t r e a t m e n t  o f  t h e  
w a t e r  s u p p l y ,  a s  I n  t h i s  s t u d y .  S u b t l e  y e t  a d v e r s e  c h a n g e s  i n  w a t e r  
q u a l i t y  may r e s u l t  f rom  e i t h e r  human a c t i v i t i e s  o r  n a t u r a l  c a u s e s  s u c h  
a s  b looms  o f  m a r i n e  o r g a n i s m s .  Such  c h a n g e s  I n  w a t e r  q u a l i t y  may 
a c c o u n t  f o r  t h e  g r e a t  v a r i a b i l i t y  o f t e n  o b t a i n e d  i n  b i v a l v e  r e a r i n g  
s t u d i e s  (W a lne ,  1 9 7 0 ;  K ern ,  1 9 7 4 ) .  To f a c i l i t a t e  c o m p a r i s o n s  o f  
d i f f e r e n t  e x p e r i m e n t s ,  2 .  a u e c i c a  was  u s e d  a s  a  t r e a t m e n t  a g a i n s t  w h i c h  
a l l  d l e t a  c o u l d  b e  c o m p a r e d .  P o o r  g r o w t h  o f  o y s t e r s  i n  a l l  t r e a t m e n t s  
i n c l u d i n g  t h o s e  f e d  J ,  s u e c l c a . c o u l d  b e  a n  i n d i c a t i o n  o f  p o o r  w a t e r  
q u a l i t y  d u r i n g  t h a t  p a r t i c u l a r  e x p e r i m e n t .  2 -  a u e c i c a  was  u s e d  b e c a u s e  
i t  h a s  b e e n  r e p e a t e d l y  d e m o n s t r a t e d  t o  be a g o o d  f o o d  f o r  b i v a l v e  l a r v a e  
( D a v i s  a n d  C u i l l a r d ,  1959;  L o o s a n o f f  a n d  D a v i s ,  1961)  a n d  j u v e n i l e s  
( C o l e ,  1937 ;  W alne ,  1970;  Helm,  1977;  Langdon  a n d  U s l d o c k ,  1981;  
Creekman,  1977;  W i k f o r s  e t  s i . ,  1 9 8 4 ) .  Webb a n d  Chu ( 1 9 8 3 )  r a t e d  J .  
■ u e c l c a  f i r s t  o u t  o f  n i n e  a l g a e  i n  t e r m s  o f  p r o t e i n  q u a l i t y  f o r  
b i v a l v e s .  I n  a s u r v e y  o f  s h e l l f i s h  r e a r i n g  f a c i l i t i e s  i n  N. A m e r i c a  and  
E u r o p e ,  I -  s u e c l c a  was t h e  t h i r d  m os t  w i d e l y  u s e d  a l g a l  s p e c i e s  f o r  
r e a r i n g  b i v a l v e s  ( C o s t ,  197B c i t e d  i n  P e r s o o n e  a n d  C l a u s ,  1 9 6 0 ) .  2 '
a u e c i c a  h a s  b e e n  u s e d  s u c c e s s f u l l y  a t  VIMS f o r  a b o u t  10 y e a r s  t o  
c o n d i t i o n  £ .  v l r g i n l c a  f o r  s p a w n i n g .
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Maximum g r o w t h  o f  o y s t e r s  I n  t h i s  s t u d y  was  o b t a i n e d  w i t h  a  r a t i o n  
o f  80 ctg d r y  w t / t r e a t m e n t / d a y , e q u i v a l e n t  t o  3 . 2  mg d r y  w t / o y s t e r / d a y . 
E p l f a n l o  a n d  E w ar t  ( 1 9 7 7 )  d e r i v e d  a n  e q u a t i o n  t o  p r e d i c t  t h e  maximum 
d a l l y  r a t i o n  o f  o y s t e r s  b a s e d  on t h e  r e l a t i o n s h i p  b e t w e e n  s i z e  a n d  r a t e  
o f  f i l t r a t i o n .  T h e i r  e q u a t i o n  p r e d i c t e d  t h a t  t h e  maximum d a i l y  r a t i o n  
f o r  a n  o y s t e r  o f  t h e  s i z e  u s e d  i n  t h i s  s t u d y  ( a p p r o x i m a t e l y  1.5  g whole 
w e i g h t )  w o u l d  be 1 2 . 7  mg d r y  w t / d a y ,  a f o u r  f o l d  g r e a t e r  r a t i o n  t h a n  
t h a t  u s e d .  Maximum d a i l y  r a t i o n ,  h o w e v e r ,  l a  n o t  synonymous  w i t h  t h e  
r a t i o n  t h a t  p e r m i t s  maximum g r o w t h .  I n  a d d i t i o n ,  a s  t h e y  s t a t e d  i n  
t h e i r  d i s c u s s i o n ,  t h e i r  e q u a t i o n  may o v e r e s t i m a t e  t h e  r a t i o n  f o r  s m a l l  
o y s t e r s .  A r a t i o n  o f  I *  a u e c i c a  o f  80  m g/day  i s  e q u i v a l e n t  to  a
3
c e l l u l a r  c o n c e n t r a t i o n  a t  t h e  h e a d  o f  t h e  t r a y  o f  a p p r o x i m a t e l y  16 X ID 
c e l l s / m l .  T h i s  v a l u e  f a l l s  w i t h i n  t h e  r a n g e  o f  c o n c e n t r a t i o n s  o f  1 .  
s u e c l c a  ( 1 0  t o  30 X l O ^ c e l l s / m l )  w h i c h  U a lne  ( 1 9 7 0 )  f o u n d  t o  y i e l d  t h e  
b e a t  g r o w t h  o f  J u v e n i l e  O s t r e a  e d u l i s . T h r e e  c o n c e n t r a t i o n s  o f  food  
( 0 . B  m g /1 ,  1 . 6  m g / 1 , a n d  3 . 2  m g /1 )  w e r e  t e s t e d  i n  t h e  c l a m  e x p e r i m e n t s  
t o  s e e  i f  f o o d  w e r e  l i m i t i n g  a n d  i f  g r o w t h  w o u ld  I n c r e a s e  w i t h  
i n c r e a s i n g  c o n c e n t r a t i o n .  Mo o b v i o u s  o v e r a l l  r e l a t i o n s h i p s  b e t w e e n  
c o n c e n t r a t i o n  a n d  g r o w t h  w e r e  o b s e r v e d .  I n  o n l y  one  t r e a t m e n t ,  £ .  
v e s t l t a  i n  e x p e r i m e n t  12 ,  d i d  g r o w t h  improve  m a r k e d l y  w i t h  I n c r e a s i n g  
c o n c e n t r a t i o n .  The two-way  ANOVA I n d i c a t e d  t h a t  c o n c e n t r a t i o n  d i d  n o t  
s i g n i f i c a n t l y  a f f e c t  g r o w th  i n  e x p e r i m e n t  11.  C o n c e n t r a t i o n  d i d  h a v e  a 
s i g n i f i c a n t  e f f e c t  o n  g r o w t h  i n  e x p e r i m e n t  12 b u t  a  s i g n i f i c a n t  
i n t e r a c t i o n  b e t w e e n  d i e t  a n d  c o n c e n t r a t i o n  a l s o  o c c u r r e d .  A d i e t  w i t h  
l i t t l e  n u t r i t i o n a l  v a l u e  w o u ld  n o t  b e  e x p e c t e d  t o  a f f e c t  g row th  a t  any 
c o n c e n t r a t i o n ,  w h e r e a s  one  o f  h i g h  n u t r i t i o n a l  v a l u e  w o u l d .  No 
c o n c l u s i o n s  a b o u t  t h e  e f f e c t s  o f  c o n c e n t r a t i o n  c a n  be d raw n  from t h e s e
H O
H a l t e d  e x p e r i m e n t s  b e c a m e  o f  the  e m a i l  sam ple  s i z e  o f  t h e  t r e a t m e n t s  
( n -1 0 )  a n d  the  l a r g e  I n h e r e n t  v a r i a b i l i t y  I n  g r o w t h  o f  I n d i v i d u a l  c l a m s .
S i g n i f i c a n t  g r o w th  was o b s e r v e d  o n  o n ly  tw o  o f  t h e  f i v e  f l a g e l l a t e  
s p e c i e s  examined a s  o y s t e r  f o o d s ,  p ,  v e s t l t a  a n d  b o d o n l d  1 .  Of t h e s e  
two,  £ .  v e s t l t a  was  by  f a r  t h e  b e t t e r  fo o d ,  y e t  o y s t e r s  f e d  £. v e s t  < ra  
a v e r a g e d  on ly  55% o f  the  g r o w t h  o b s e r v e d  w i th  I .  s u e c l c a . For  c l a m s ,  
t h e  g r o w t h  on £ .  v e a t l t a  was 71% and 59% o f  t h a t  on J .  a u e c i c a . F o u r  
f a c t o r s  have b e e n  s u g g e s t e d  t o  e x p l a i n  why some a l g a l  s p e c i e s  a r e  b e t t e r  
b i v a l v e  foods  t h a n  o t h e r s ;  c e l l  s i z e ,  t o x i c i t y ,  p o s s e s s i o n  o f  a  
d i g e s t i b l e  c e l l  w a l l ,  and n u t r i t i o n a l  v a l u e  ( U k a l e s ,  1 9 6 9 ) ,  These  
f a c t o r s ,  which a r e  n o t  m u t u a l l y  e x c l u s i v e ,  w o u ld  s i m i l a r l y  a p p l y  t o  
c o l o r l e s s  f l a g e l l a t e s .
The s i z e s  o f  t h e  c o l o r l e s s  f l a g e l l a t e s  s t u d i e d  r a n g e  from 
a p p r o x i m a t e l y  2 . 0  t o  8 . 0  urn I n  d i a m e t e r .  T h i s  l a  w i t h i n  t h e  r a n g e  o f  
p a r t i c l e  s i t e s  f i l t e r e d  from s u s p e n s i o n  by o y s t e r s  (Haven and M o r a l e s -  
Alamo, 1976)  and  c l a m s  (Rice  a n d  Sm i th ,  195(1}, a l t h o u g h  t h e  s m a l l e r  
f l a g e l l a t e  s p e c i e s  a r e  o f  a  s i z e  t h a t  l a  f i l t e r e d  from s u s p e n s i o n  w i t h  
l e s s  e f f i c i e n c y .  £ .  v e s t l t a  (8  um), t h e  b e s t  f o o d ,  was t h e  l a r g e s t  o f  
t h e  f l a g e l l a t e s .  However , a l g a l  c e l l s  s u c h  a s  N a n n n c h l o r l s  and 
Chi  o r e  11 a , which a r e  a s  s m a l l  a s  1 t o  2 um, h a v e  been  s u c c e s s f u l l y  u se d  
a s  o y s t e r  foods  (Dupuy,  1975)  ,
C o l o r l e s s  f l a g e l l a t e s  n a y  e x c r e t e  e x t r a c e l l u l a r  p r o d u c t s  or  
m e t a b o l i t e s  which a r e  t o x i c  t o  b i v a l v e s  b u t  no  p u b l i s h e d  s t u d i e s  h a v e  
e x a m in ed  t h i s  p o i n t .  Toxin p r o d u c i n g  a l g a e  h a v e  been  w e l l  documented  
and  a r e  found I n  t h e  a l g a l  c l a s s e s  C y a n o p h y c e a e , D l n o p h y c e a e ,
C h l o r o p h y c e a e , a n d  F ry m n e s lo p h y ce a e  ( C a r m i c h a e l  e t  *1. , 1 9 8 5 ;  S h i l o ,
1 9 7 1 ) .  The l a t t e r  two f a m i l i e s  c o n t a i n  s e v e r a l  s p e c i e s  w h i c h  a r e
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e x c e l l e n t  f o o d s  f o r  b i v a l v e s  ( V a ln e ,  1 9 7 0 ) ,  G u i l l a r d  (195B) examined 37 
a l g a l  i s o l a t e s  I n  s i x  c l a s s e s  and found  v a r y i n g  d e g r e e s  o f  t o x i c i t y  i n  
t h e  s p e c i e s  A m ph id in lu m ■ Gvmnodlnlujn. C h l o r e l l a  S t l c h e c o c c u s . and 
Pr vm nas lu ra . A c o n s i d e r a t i o n  i n  c u l t u r i n g  c o l o r l e s s  f l a g e l l a t e s  l a  
e n s u r i n g  t h a t  t h e  b a c t e r i a  on  which  t h e y  g r a t e  a r e  n o t  p a t h o g e n i c  t o  
b i v a l v e s  o r  t o x i n  p r o d u c i n g .  A l t h o u g h  t h e  b a c t e r i a  f n  t h e  f l a g e l l a t e  
c u l t u r e s  were  g r a z e d  t o  low c o n c e n t r a t i o n s ,  g e n e r a l l y  l e s s  t h a n  ID"1 
c e l l s / m l ,  t h e y  were  n o t  e l i m i n a t e d  from t h e  c u l t u r e s .  G u i l l a r d  (1958)  
f o u n d  t h a t  b a c t e r i a l  c o n t a m i n a n t s  I n  a l g a l  c u l t u r e s  c o u l d  make good 
f o o d s  t o x i c .  I n  t h i s  s t u d y ,  a l l  c o l o r l e s s  f l a g e l l a t e  s p e c i e s  were 
r a i s e d  on  £- f l f l r j n n . which  h a s  n o t  b e e n  i m p l i c a t e d  a s  a  b i v a l v e  
p a t h o g e n .  I t  i s  u n l i k e l y  t h a t  I t  p r o d u c e s  t o x i c  b y - p r o d u c t s  s i n c e  t h i s  
wou ld  h a v e  p r o d u c e d  a  d e l e t e r i o u s  e f f e c t  on a l l  t r e a t m e n t s  w i t h  
f l a g e l l a t e  s p e c i e s .
Foods  f o r  b o t h  l a r v a e  and  a d u l t s  may b e  p o o r  as  a  r e s u l t  o f  t h e  
i n a b i l i t y  o f  t h e  b i v a l v e ' s  d i g e s t i v e  s y s t e m  t o  b r e a k  down t h e  c e l l  w a l l  
o f  t h e  f o o d  o r g a n i s m .  D a v i s  and  G u L l l a r d  (1950)  d i s c o v e r e d  t h a t  young  
o y s t e r  a n d  c la m  l a r v a e  g rew b e t t e r  on n a k e d  p h y t o f l e g a l i s t s s  t h e n  on 
s p e c i e s  w i t h  t h i c k  c e l l  w a l l s .  V a ln e  (1974)  s u g g e s t e d  t h a t  p o o r  g rowth  
o f  O s t r e a  c d u l i s  l a r v a e  f e d  on C h l o r e l l a  and  Coccomvxa was due  t o  t h i c k  
c e l l  w a l l s ,  w h ic h  c o u l d  n o t  be  d i g e s t e d .  D s b ln c h ek  and  U k e le s  ( 1 9 7 9 ) ,  
u s i n g  f l u o r e s c e n c e  m i c r o s c o p y ,  o b s e r v e d  t h a t  C h l o r e l l a  a u t o t r o E h l c e  
c e l l s  were  n o t  l y s e d  I n  t h e  g u t  o f  £ .  v l r e i n l c a  l a r v a e ;  t h e  c e l l  w a l l s  
a p p e a r e d  t o  be  r e s i s t a n t  t o  t h e  l a r v a l  d i g e s t i v e  enzymes .  Dean (1957)  
o b s e r v e d  t h a t  some a l g a l  s p e c i e s  d i s i n t e g r a t e d  i m m e d i a t e l y  upon c o n t a c t  
w i t h  a n  e x t r a c t  o f  t h e  c r y s t a l l i n e  s t y l e  o f  a n  o y s t e r  w h i l e  o t h e r  
s p e c i e s  d i d  n o t .  He s u g g e s t e d  t h i s  a s  a q u i c k  method o f  e v a l u a t i n g  t h e
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f o o d  p o t e n t i a l  o f  d i f f e r e n t  s p e c i e s ,  E p l f a n l o  (1982)  a t t r i b u t e d  the  
p o o r  g r o w t h  o f  a d u l t  £ .  y j r g l i U c f l  F h a e o d a c tv lu m  t r l c o r a u t u n  to  t h e  
a l g a  b e i n g  r e l a t i v e l y  l n d i g e s t a b l e  r a t h e r  t h a n  t o  I t s  g r o s s  c o m p o s i t i o n  
o r  l a c k  o f  a  m l c r o n u t r i e n t . B r i c e l J  e t  a l .  (19B4) found t h a t  p o o r ly  
d i g e s t e d  a l g a l  s p e c i e s  p a s *  t h r o u g h  t h e  g u t  o f  H. n e r c e n a r l a  more 
q u i c k l y  t h a n  s p e c i e s  t h a t  a r e  v e i l  d i g e s t e d .  The poor  d i g e s t i o n  of  
c e r t a i n  e p e c l e a  o f  C h l o r o p h y t e s  was a t t r i b u t e d  t o  t h e  p r e s e n c e  o f  a 
h i g h l y  r e f r a c t o r y  t r i l a m l n a r l n  c e l l  w a l l  component  t h a t  i s  r e s i s t a n t  t o  
e n z y m a t i c  a t t a c k .
I t  l a  u n l i k e l y  t h a t  p o o r  g row th  o f  o y s t e r s  on  some c o l o r l e s s  
f l a g e l l a t e  s p e c i e s  i n  t h i s  s t u d y  r e s u l t e d  from a n  i n a b i l i t y  to  d i g e s t  
t h e  c e l l  w a l l .  A l l  s p e c i e s  t e s t e d  l a c k e d  t h e  t h i c k e n e d  c e l l u l o s e  c e l l  
v a l l a  c h a r a c t e r i s t i c  o f  t h o s e  a l g a l  s p e c i e s  t h a t  a r e  p o o r l y  d i g e s t e d .  
F l a g e l l a t e s  d e p e n d e n t  on  p h a g o t r o p h i c  n u t r i t i o n  nay  r e q u i r e  a  c e r t a i n  
p l a s t i c i t y  a n d  f r e e d o m  o f  movement t o  a i d  i n  p r e y  c a p t u r e .  Th is  would 
p r e c l u d e  d e v e l o p m e n t  o f  r i g i d  b o d y  forms . Bo don i d s  have a  r e l a t i v e l y  
t h i n  c e l l  membrane w i t h o u t  a n y  s c a l e s  o r  p l a t e s  t h a t  c o v e r s  an i n n e r  
p e l l i c l e  c om pose d  o f  m i c r o t u b u l e *  ( B r o o k e r ,  1971;  Vickermen and P r e s t o n ,  
1976)  . A r e l a t e d  s p e c i e s ,  Leptomonas c o l l o a p m a . h a s  * c e l l  membrane 
t h a t  i a  com posed  o f  52% p r o t e i n ,  29% l i p i d ,  and  8% c a r b o h y d r a t e  (Cook 
a n d  S t o d d a r d ,  1 9 7 3 ) .  C h r y s o a o n a d s ,  s u c h  a s  £ .  v e s t l t a  and  t h e  
u n i d e n t i f i e d  C h ry s o m o n a d ,  h a v e  a naked  p r o t o p l a s t  bounded b y  a plasma 
membrane  a n d  c o v e r e d  w i t h  s i l i c a  s c a l e s  (Dodge, 1973;  F a r m e r ,  1960) .
The  l a c k  o f  a n  u n d e r l y i n g  r i g i d  p e l l i c l e  o r  c e l l  w a l l  i s  e v id e n c e d  by 
o b s e r v i n g  t h e i r  e x t r e m e  p l a s t i c i t y  when f e e d i n g .  £ .  v e s t l t a  i s  
c h a r a c t e r i z e d  b y  i t s  e l o n g a t e d ,  h i g h l y  o r n a t e  s p i n e s  (Wee, 19B2),  which 
a p p a r e n t l y  do  n o t  I n t e r f e r e  w i t h  i t s  b e i n g  I n g e s t e d  by b i v a l v e s .
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Choanof  l a g e l l a t e s  may h a v e  a l o r l c a  o f  c e l l u l o s e  o r  c h i  t i n  b u t  t h e  
s p e c i e s  u s e d  i n  t h i s  s t u d y  was a member o f  t h e  f a m i l y  C o d o a l g ld a e  
( s e c t i o n  I I I ) ,  a  naked  fo rm t h a t  l a c k s  a l o r l c a  ( S l e b u r t h ,  1 9 7 9 ) .  The 
l o r l c a ,  r e g a r d l e s s  o f  I t s  c o m p o s i t i o n  s h o u l d  n o t  I n t e r f e r e  w i t h  t h e  
d i g e s t i o n  o f  t h e  c a l l  s i n c e  I t  d o e s  n o t  c o m p l e t e l y  e n c a s e  t h e  c e l l ,  
which w o u ld  s t i l l  be  e x p o s e d  t o  t h e  a c t i o n  o f  d i g e s t i v e  enzymes.  L ike  
the  o t h e r  f l a g e l l a t e s  t e s t e d ,  t h e  c h o a n o f l a g e l l a t e  a l s o  e x h i b i t e d  a h i g h  
d e g r e e  o f  p l a s t i c i t y .
T h e  v a l u e  o f  a  b i v a l v e  f o o d  i s  d i f f i c u l t  t o  d e t e r m i n e  b e c a u s e  o f  a 
l a c k  o f  u n d e r a t a n d l n g  o f  t h e  n u t r i t i o n a l  r e q u i r e m e n t s  o f  b i v a l v e s .  
R e q u i r e m e n t s  f o r  p r o t e i n ,  c a r b o h y d r a t e ,  a n d  l i p i d  o r  r e q u i r e m e n t s  f o r  
s p e c i f i c  a l c r o n u t r i e n t s  a n d  v i t a m i n s  h a v e  y e t  t o  b e  d e t e r m i n e d  f o r  
e i t h e r  H.  m a r c e n a r l a  o r  £ .  v l r a l n i c a  ( E p i f a n l o ,  1983 ;  Langdon,  1983;
Webb a n d  Chu, 1 9 8 3 ) .  Any I n t e r p r e t a t i o n  o f  growth s t u d i e s  b a s e d  on 
c o m p o s i t i o n  o f  o r g a n i s m s  I n  t h e  d i e t  l a  t h e r e f o r e  h i g h l y  s p e c u l a t i v e .
£ .  v e s t l t a . t h e  c o l o r l e s s  f l a g e l l a t e  on  which t h e  b e s t  s h e l l f i s h  
g r o w t h  was  o b t a i n e d ,  m a i n t a i n s  i t s  e n e r g y  s t o r e s  i n  t h e  form o f  l e u c o s l n  
and o i l  ( S l e b u r t h ,  1 9 7 9 ) .  L e u c o s i n ,  a l s o  known a s  c h r y s o l a m l n a r i n ,  i s  
composed  o f  1 , 3  g l u c o s e  r e s i d u e s  which c a n  be h y d r o l y z e d  by  th e  
d i g e s t i v e  enzymes  f o u n d  i n  b i v a l v e s  ( R e id ,  1983) .  The l i p i d  c o n t e n t  o f  
£ .  v e s t l t a ha* n e v e r  b e e n  a n a l y z e d ,  b u t  g e n e r a l l y ,  on* t h i r d  o f  t h e  d r y  
w e i g h t  o f  a c h r y a o p h y t e  i s  l i p i d  ( A a ro n s o n ,  1980) .  I n  a d d i t i o n ,  t h e y  
t e n d  t o  b e  r i c h  i n  l o n g  c h a i n  p o l y u n s a t u r a t e d  f a t t y  a c i d s  which  may be 
n e c e s s a r y  f o r  b i v a l v e  g r o w t h  (Webb and  Chu, 1983) ,  The p o o r  g row th  
o b t a i n e d  on t h e  b o d o n l d s  may b e  r e l a t e d  t o  a l a c k  o f  c a r b o h y d r a t e  
r e s e r v e s ,  a  c h a r a c t e r i s t i c  o f  k i n e t o p l a s t l d  f l a g e l l a t e s  (Vicka rman and  
P r e s t o n ,  1 9 7 6 ) .  T h e i r  l i p i d  c o n t e n t  may b e  v e ry  m in i m a l  a s  w e l l ;  t h e
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o n l y  e n e r g y  s t o r e s  may bo  i n  t h e  f o r a  o f  p r o t e i n  ( V l c k e r m a n  and  P r e s t o n ,  
1 9 7 6 ) .  C h o a n o f l a g e l l a t e s  h a v e  f o o d  s t o r e s  I n  t h e  fo rm  o f  l l p l d  ( S l e i g h ,  
1 9 7 3 )  b u t  l i t t l e  i s  known o f  t h e  p e r c e n t  c o m p o s i t i o n  o r  t y p e s  o f  f a t t y  
a c i d s  p r e s e n t .  T h e r e  a r e  no  r e p o r t s  o f  p o l y s a c c h a r i d e  f o o d  r e s e r v e s  i n  
c h o a n o f l a g e l l a t e s .
The c o m p o s i t i o n  a n d  n u t r i t i o n a l  v a l u e  o f  £ .  v e s t l t a  t o  b i v a l v e s  may 
b e  a f f e c t e d  by  Che c o n d i t i o n s  u n d e r  w h ic h  i t  was c u l t u r e d .  I t  h a s  b e e n  
d e m o n s t r a t e d  t h a t  t h e  f o r m u l a t i o n  o f  an a l g a l  c u l t u r e  medium may a f f e c t  
t h e  n u t r i t i o n a l  v a l u e  o f  a n  a l g a  ( W l k f o r s  a t  a l . ,  1 9 8 4 ) .  The b a c t e r i a l  
s t r a i n  u p o n  w h i c h  a  c o l o r l e s s  f l a g e l l a t e  i s  c u l t u r e d ,  may s i m i l a r l y  
a f f e c t  t h e  n u t r i t i o n a l  v a l u e  o f  t h e  f l a g e l l a t e ,  I n  a d d i t i o n ,  t h e  
c o n d i t i o n s  u n d e r  w h i c h  t h e  b a c t e r i a  ware  c u l t u r e d  may b e  r e f l e c t e d  i n  
t h e  f l a g e l l a t e ra  c o m p o s i t i o n .  The p h a s e  o f  g r o w t h  ( F l a a k  a n d  E p l f a n i o ,
1 9 7 8 )  a n d  p o p u l a t i o n  g r o w t h  r a t e  ( G a l l a g h e r  and  Mann,  1981)  a f f e c t  t h e  
c o m p o s i t i o n  a n d  n u t r i t i o n a l  v a l u e  o f  a n  a l g a ,  The  c o m p o s i t i o n  a n d  s i z e  
o f  c o l o r l e s s  f l a g e l l a t e s  may be  s i m i l a r l y  a f f e c t e d  b y  f o o d  a v a i l a b i l i t y  
( F e n c h e l ,  1 9 8 2 ) .  C o l o r l e s s  f l a g e l l a t e s  i n  e a r l y  s t a t i o n a r y  p h a s e ,  a s  
u s e d  i n  t h i s  s t u d y ,  may h a v e  a  v e r y  d i f f e r e n t  n u t r i t i o n a l  v a l u e  t o  
s h e l l f i s h  t h a n  t h a t  o f  e x p o n e n t i a l  o r  l a t e  s t a t i o n a r y  p h a s e  c u l t u r e s .
O y s t e r  g r o w t h  on  m o n o s p e c i f i c  and  c o m b i n a t i o n  d i e t s  o f  £ .  v e s t l t a  
a n d  2 -  a u e c i c a  w e r e  c o m p a red  i n  e x p e r i m e n t s  7,  8 ,  a n d  9 ( t a b l e s  IV. 7, 8, 
a n d  9 ) .  No c o m b i n a t i o n  d i e t  was a b l e  t o  p r o d u c e  g r e a t e r  g r o w t h  t h a n  a 
p u r e  d i e t  o f  I .  s u e c l c a . An 80 mg r a t i o n  t h a t  was 50% £ ,  v e s t l t a  d i d  
n o t  p r o d u c e  t h e  same g r o w t h  a s  a 100% I .  s u e c l c a  d i e t ,  T h i s  s u g g e s t s  
t h a t  t h e  r e d u c e d  g r o w t h  on  £ .  v e s t l t a  i s  n o t  s i m p l y  a  l a c k  o f  a l i m i t i n g  
t r a c e  n u t r i e n t  t h a t  c o u l d  b e  s u p p l i e d  b y  t h e  a l g a e .  £ ,  may h a v e
l e s s  c a l o r i c  v a l u e  t h a n  a n  e q u a l  w e i g h t  o f  I -  m f fp l c p  o r  i t  c o u l d  h a v e
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t h e  a a a e  v e l u e  b u t  b e  l e s s  c o m p l e t e l y  a s s i m i l a t e d  end  d i g e s t e d ,  A 
s i m i l a r  s i t u a t i o n  was e n c o u n t e r e d  b y  E p l f a n i o  ( 1 9 8 3 )  i n  c r y i n g  to  
e x p l a i n  Che p o o r  n u t r i t l o n e l  v e l u e  o f  E h a e o d a c t v lu m  t r l c o r n u t u m  to  
o y e t e r s .  £ .  t r l c o r n u t u m  had  l i t t l e  n u t r i t i o n a l  v e l u e  e v e n  when combined 
w i t h  T h a l a s a l o s l r a  o s e u d o n a n a . e good f o o d .  The d i f f e r e n c e s  i n  food  
v a l u e  c o u l d  n o t  b e  e x p l a i n e d  b y  g r o s s  c o m p o s i t i o n ,  f a t t y  a c i d s  o r  a m l r o  
a c i d s  o f  t h e  d i e t s .  5 t u d l e a  c o m p a r in g  a s s i m i l a t i o n  e f f i c i e n c y  o f  t h e  
two  a l g a e  by o y s t e r s  s u g g e s t e d  t h a t  £■ t r l c o r n u t u m  was p o o r l y  d i g e s t e d .
I n  e x p e r i m e n t s  7 and  9 a  com bined  r a t i o n  o f  40  mg o f  1 .  a u e c i c a
w i t h  BO mg o f  £ .  v e s t l t a  gave l e s s  g r o w t h  t h e n  a  r a t i o n  w i t h  40 mg o f  £ .
v e s t l t a . The p r e s e n c e  o f  a n  I n h i b i t o r y  p r o d u c t  I n  t h e  £ ,  v e s t l t a  
c u l t u r e  c o u l d  c a u s e  t h i s  r a i u l t .  A n o t h e r  e x p l a n a t i o n  I s  t h a t  when h i g h  
c o n c e n t r a t i o n s  o f  a p o o r l y  d i g e s t e d  f o o d  a r e  p r e s e n t ,  t h e  am o u n t  o f  
e a s i l y  d i g e s t e d  f o o d  i n g e s t e d  i s  r e d u c e d ,  When 80 a g  o f  £ .  v e s t l t a  a r e  
c o m b i n e d  w i t h  4 0  mg o f  I ,  f p e c i e a . l e s s  o f  t h e  J ,  s u e c l c a  i s  I n g e s t e d  
t h a n  when o n l y  4 0  mg o f  £ .  y g s t l f  a r e  p r e s e n t .  I n c r e a s i n g  t h e  r a t i o n
w i t h  a  p o o r  f o o d  b e y o n d  t h e  l e v e l  t h a t  s a t u r a t e s  t h e  r a t e  o f  I n g e s t i o n
w i l l  o n l y  d i l u t e  t h e  amount o f  t h e  b e t t e r  food i n g e s t e d .  U hen  th e  
r a t i o n  l a  low  a n d  I n g e s t i o n  i s  n o t  H a l t i n g ,  a n y  a d d i t i o n a l  f o o d ,  even  
i f  i t  I s  o f  p o o r  q u a l i t y ,  w i l l  s t i l l  b e  i n g e s t e d  w i t h o u t  r e d u c i n g  t h e  
a m o u n t  o f  t h e  g o o d  fo o d  I n g e s t e d .  T h i s  c o u l d  e x p l a i n  why 4 0  mg o f  £-  
v e s t l t a  w i t h  4 0  mg o f  I .  s u e c l c a  would  s t i l l  y i e l d  b e t t e r  g r o w t h  t h a n  40 
mg o f  I .  s u e d c a  a l o n e .  I n g e s t i o n  I s  n o t  l i m i t i n g  a t  t h i s  l o w e r  r a t i o n  
a n d  n o  d i l u t i o n  o f  t h e  I -  s u e c l c a  o c c u r s .
Numerous  r e p o r t s  o n  t h e  u s e  o f  c o l o r l e s s  f l a g e l l a t e s  a s  food  f o r  
b i v a l v e s  a r e  f o u n d  I n  t h e  J a p a n e s e  s c i e n t i f i c  l i t e r a t u r e ,  b u t  most o f  
t h e s e  s t u d i e s  d e a l  w i t h  l a r v a l  b i v a l v e s  and  n o t  w i t h  J u v e n i l e s  o r
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a d u l t * .  I m a l  and  H a ta naka  <1949)  r a i s e d  l a r v a e  o f  £ .  f  l g q j  I n  s m a l l  
s t a t i o n a r y  c u l t u r e s  on a  c o l o r l e s s  f l a g e l l a t e  t h e y  I d e n t i f i e d  a s  Monas 
s p . The genua  Hg n a s . a name w i d e l y  u s e d  In  t h e  o l d e r  l i t e r a t u r e ,  i s  
b e l i e v e d  t o  be  lynonomous w i t h  t h e  genus  Fa r  s p h  v a Orno na  s  ( S l e b u r t h ,
1 9 7 9 )  . The f l a g e l l a t e s  In  t h e s e  s t u d i e s  ware c u l t u r e d  I n  a  s e a w a t e r - h a y  
i n f u s i o n .  I n a l  I t  i l -  (1950)  r e p o r t e d  t h e  s u c c e s s f u l  u s e  o f  Monas In 
l a r g e  s c a l e  c u l t i v a t i o n  o f  £ .  f l f  a s  i n  o u t d o o r  t a n k s .  The t a n k s ,  
r a n g i n g  from 2 ,5 0 0  1 t o  19 ,0 0 0  1 c a p a c i t y ,  were  f e r t i l i z e d  w i t h  s t a r c h  
and  a t t a i n e d  c o n c e n t r a t i o n s  o f  c e l l s  e x c e e d i n g  10^ c e l l s / m l .  L a r v a e  
r a i s e d  In  t h e s e  t a n k s  had  g row th  r a t e s  c o m p a r a b l e  t o  t h o s e  i n  n a t u r e .  A 
l i m i t e d  number o f  e x p e r i m e n t s  e xa m ined  t h e  g r o w t h  o f  l a r v a e  o f  £ .  
v l r g l ^ e * . w h i c h  d i d  s u c c e s s f u l l y  m e t a m o r p h o s i z e  on a  Hongg d i e t ,  b u t  
d i d  n o t  grow o r  s u r v i v e  a s  w e l l  a s  t h e  £ ,  e l  ga s  l a r v a e .  T h i s  d i f f e r e n c e  
was  a t t r i b u t e d  t o  t h e  p o o r  c o n d i t i o n  o f  t h e  b r o o d s t o c k  a n d  n o t  t o  t h e  
d i e t .  La rva*  o f  O s t r ^ g e d u l l s  ( I m a l  £ t  m l - ,  1953)  a n d  O s t r e a  l u r l d a  
( l o a i  g£  g i -  , 1954) w ere  s u c c e s s f u l l y  r a i s e d  o n  a  d i e t  o f  Monas t h r o u g h  
m e t a m o r p h o s i s  and  up t o  an age  o f  s e v e r a l  month* a t  w h i c h  t im e  t h e y  were  
p l a n t e d  In  b a y s .  I n  t h e s e  s t u d i e s  t h e  t a n k s  w e r e  f e r t i l i z e d  w i t h  cooked  
s o l u b l e  s t a r c h  o r  c a n e  s u g a r  t o  p r o v i d e  b a c t e r i a  f o r  t h e  f l a g e l l a t e s .  
O t h e r  b i v a l v e  l a r v a e  s u c c e s s f u l l y  c u l t u r e d  on a  Monas d i e t  I n c l u d e d  
H a c t r a  f i f l c h a l l n e n s l s  ( I n a l  &£ flJL , 1 9 5 4 ) ,  AnfldflLfl b lTWfchtgnU (K an-no  
and  K i k u c h l , 1 9 6 2 ) ,  M e r e t r l x  a e r e t r l x . V e n e r u o l s  g h U l l p l n a r u i l ) . C b J U i m  
f a r r e r t . a n d  T e r e d o  n a v a i l s  ( c i t e d  i n  I m a l ,  1 9 7 7 ) .  Vada  (1973 )  com pared  
t h e  g row th  o f  l a r v a e  o f  F l n c t a t a  f u c a t a  on  d i e t *  o f  C h a e t o c e o s .
C h l o r a l l a . a n d  H o n o c h r v s l s  t o  g r o w t h  on ffon^ft ( K o b a y a s h l  a n d  Y u k i . 1952 ) 
a n d  c o n c l u d e d  t h a t  g row th  on C h a e t o c e r o s  ■ t h e  b e s t  a l g a l  d i e t ,  was 
s i m i l a r  to  g r o w t h  on  H ona s .
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C o l o r l e s s  f l a g e l l a t e s ,  r e c e n t l y  r e c o g n i z e d  a s  an  i m p o r t a n t  
component  o f  p l a n k t o n  b io m a s s  ( D a v i s ,  1 9 8 2 ) ,  may r e p r e s e n t  an  I m p o r t a n t  
s o u r c e  o f  n u t r i a n t a  f o r  b i v a l v e s  I n  n a t u r e .  I t  wou ld  how ever ,  b e  
d i f f i c u l t  t o  q u a n t i f y  t h e i r  c o n t r i b u t i o n  t o  a h e l l f i s h  p r o d u c t i o n .
Because  o f  t h e i r  d e l i c a t e  s t r u c t u r e ,  t h e y  would  e a s i l y  d i s i n t e g r a t e  In  a 
b i v a l v e  s to m a c h .  F o r  t h i s  r e a s o n  t h e y  h a v e  p r o b a b l y  b e e n  o v e r l o o k e d  In 
t h e  many e a r l y  s t u d i e s  t h a t  a n a l y s e d  g u t  c o n t e n t s  o f  b i v a l v e s  ( r e v i e w e d  
i n  G a l t s o f f ,  1964) ,  Imai  a l .  ( 1 9 5 0 ) ,  I n  a n  e c o l o g i c a l  s t u d y  o f  
J a p a n e s e  b a y s ,  c o n c l u d e d  t h a t  blooms o f  c o l o r l e s s  f l a g e l l a t e s ,  r e s u l t i n g  
f rom  d e c o m p o s i t i o n  o f  e e l * g r a « a ,  were  r e s p o n s i b l e  f o r  s u c c e s s f u l  seed* 
o y s t e r  p r o d u c t i o n .  O y s t e r  spaw ning  was c o r r e l a t e d  w i t h  p e a k s  i n  t h e  
numbers  o f  c o l o r l e s s  f l a g e l l a t e s  w h ic h  a t  t im e s  e x c e e d e d  10 c e l l s / m l .
O u t s i d e  o f  t h e  J a p a n e s e  s c i e n t i f i c  l i t e r a t u r e ,  t h e r e  a r e  few 
r e f e r e n c e s  t o  use  o f  c o l o r l e s s  f l a g e l l a t e s  f o r  r e a r i n g  b i v a l v e s ,  a l l  o f  
them n e g a t i v e .  D a v i s  (1950)  r e p o r t e d  t h a t  £ .  v l r f l n l c a  l a r v a e  were 
u n a b l e  t o  grow on t h e  c o l o r l e s s  e u g l e n o l d  A stasia  k l e b s l l  o r  on a  
c o l o r l e s s  monad, V a l n e  (1956)  e v a l u a t e d  t h e  u s e  o f  Bodo s o . a s  a  food  
f o r  fl. a d u l l s  l a r v a e  and f o u n d  t h a t  l a r v a e  were u n a b l e  t o  grow on i t .
I n  t h e i r  monograph on  l a r v a l  c u l t u r e  L o o s a n o f f  an d  D a v i s  (1963)  s t a t e  
t h a t  t h e y  were  u n a b l e  t o  c u l t u r e  l a r v a e  o f  £ ,  v l r g l n l t a  o r  ft. m e r c e n a t l a  
on t h e  same s t r a i n  o f  Monas s p ,  t h a t  was u se d  by Imal  i n  J a p a n .  They 
d i d  n o t  e x p l a i n  how t h e y  c u l t u r e d  t h e  Monas g p . and  t h e i r  p o o r  r e s u l t s  
may be  due  t o  t h e  b a c t e r i a l  s p e c i e s  u s e d  t o  c u l t u r e  t h e  f l a g e l l a t e s .  In 
t h e  e a r l y  l i t e r a t u r e  t h e r e  a r e  numerous  r e f e r e n c e s  t o  t h e  i m p o r t a n c e  o f  
p r o t o z o a  o r  I n f u s o r i a  I n  t h e  d i e t s  o f  o y s t e r s  ( r e v i e w e d  I n  M a r t i n ,
19 2 8 ) ,  b u t  moat  o f  t h e s e  s t u d i e s  were  b a s e d  on g u t  e x a m i n a t i o n s  and  were  
n o t  c o n t r o l l e d  f e e d i n g  e x p e r i m e n t s .
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No g r o w t h  was o b s e r v e d  on b a c t e r i a l  d i e t *  f o r  e i t h e r  o y s t e r *  ( t a b l e
I V . 1 0 )  o r  c l a a s  { t a b l e  I V . 4 ) .  S in c e  t h a t *  v a t  no g r o w t h  o f  b i v a l v e *  f a d  
b a c t e r i a ,  t h i s  d i a t  v a a  n o t  t e a  t e d  a f t e r  t h e  I n i t i a l  e x p e r i m e n t *  w i t h  
e a c h  b i v a l v e .  The a n i m a l *  i n  b o t h  e x p e r i m e n t s  w e r e  o b s e r v e d  t o  a c t i v e l y  
f e e d  a n d  no m o r t a l i t y  o c c u r r e d  d u r i n g  t h e  e x p e r i m e n t s . T h i s  s u g g e s t s  
t h a t  b a c t e r i a l  e x t r a c e l l u l a r  p r o d u c t s  o r  m e t a b o l i t e s  w e r e  n o t  I n h i b i t i n g  
t h e  a n i m a l s .  Many s u s p e n s i o n  f e e d i n g  b i v a l v e s  a r e  c a p a b l e  o f  f i l t e r i n g  
b a c t e r i a  f r o m  s u s p e n s i o n  (HcHenery and  B i r k b e c k ,  1985)  a n d  I n g e s t i o n  o f  
b a c t e r i a  b y  o y s t e r s  a n d  c l a m s  h a s  b e e n  w e l l  docum en ted  ( C a b a i l i  a n d  
H e f f e r m a n ,  1 9 70 ;  P e r k i n s  e t  a l . ( 19 8 0 ) .  Both o y s t e r s  a n d  c la m s  a r e  
c a p a b l e  o f  f i l t e r i n g  p a r t i c l e s  I n  t h e  b a c t e r i a l  a l i a  r a n g e  b u t  t h e  
e f f i c i e n c y  o f  p a r t i c l e  r e t e n t i o n  by t h e  g l l l t  may b e  much l o v e r  t h a n  f o r  
l a r g e  p a r t i c l e s  ( H a v e n  and  H o r a l e s - A l a m o , 1970; R i c e  a n d  S m i t h ,  1 9 5 8 ) .
Few s t u d i e s  h a v e  d e m o n s t r a t e d  g r o w th  o f  b i v a l v e s  o n  a d e f i n e d  
b a c t e r i a l  d i e t  u n d e r  c o n t r o l l e d  c o n d i t i o n s .  Z o b e l l  and  Landon  (1937)  
s h o v a d  t h a t  M v t l l u a  c p ) l f o r n l a n u s  was a b l e  t o  i n c r e a s e  i n  b o d y  w e i g h t  
when f a d  a n  e x c l u s i v e l y  b a c t e r i a l  d i e t  o v e r  a n i n e  month p e r i o d .  H ldu  
a n d  T u b l s a h  (1963 )  u s e d  a n t i b i o t i c s  t o  s e l e c t  f o r  g r o w th  o f  r e s i s t a n t  
b a c t e r i a  w h i c h  r e s u l t e d  i n  improved  g r o w th  o f  l a r v a l  o y s t e r s  a n d  c l a m s ,  
b u t  t h e  s p e c i e s  o f  b a c t e r i a  i n v o l v e d  w e re  n o t  i s o l a t e d  o r  i d e n t i f i e d .  
B i v a l v e s  l i v i n g  a d j a c e n t  t o  h y d r o t h e r m a l  v e n t s  a t e  a b l e  t o  grow on  
h y d r o g e n  s u l f i d e  o x i d i z i n g  b a c t e r i a  ( C o r l i s s  e t  a l . , 1 9 7 9 ) .
N o t  a l l  b a c t e r i a  may b e  c a p a b l e  o f  s u p p o r t i n g  b i v a l v e  g r o w t h .
D a v i s  ( 1 9 5 0 ,  1953)  f e d  t h i r t e e n  s t r a i n s  o f  m a r i n e  b a c t e r i a  t o  l a r v a l  
o y s t e r s  a n d  f o u n d  t h a t  none  o f  them w o u l d  s u p p o r t  g r o w t h .  A d u l t  £ .  
v i r e l n l c a  w e r e  u n a b l e  t o  grow on V i b r i o  a n f u l l a r l u m . S P l l  ■
o r  Aeromonas  s a l m o n 1 c I d a  ( T u b i a s h ,  1 9 7 4 ) .  These s p e c i e *  a r e  p o o r
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c h o i c e s  a* p o c t n c l i l  f o o d *  l i n e *  t h e y  a r e  *11 known p i t b o g t m  f o r  o t h e r  
o r g a n i s m * ,
Tli* e n r i c h m e n t  c u l t u r e  p r o v i d e d  s i g n i f i c a n t l y  g r e a t e r  o y s t e r  g ro w th  
t h a n  t h *  s t a r v e d  c o n t r o l  I n  t h r e e  o u t  o f  t h e  f o u r  e x p e r i m e n t s  i n  w h i c h  
I t  was  t e s t e d  ( t a b l e s  I V . 2 - 5 )  a n d  I n  two o f  t h o s e  e x p e r i m e n t *  ( t a b l e s
I V . 2 and  I V . 5 )  I t  was a  b e t t e r  d i e t  t h e n  t h e  c o l o r l e s s  f l a g e l l a t e s  
t e s t e d ,  The  e n r i c h m e n t  was a p o o r  s o u r c e  o f  n u t r i t i o n  f o r  c l a m s  I n  b o t h  
e x p e r i m e n t s  ( t a b l e s  I V . 12 and I V . 13) I n  w h i c h  I t  w a s  t e s t e d .  I t  
p r o v i d e d  a  g o o d  d i e t  f o r  o y s t e r s ,  a t  t i m e s ,  b u t  was n o t  c o n s i s t e n t l y  
g o o d .  T h i s  l a c k  o f  c o n s i s t e n c y  I s  a s e r i o u s  d r a w b a c k  f o r  I t s  u s e  In 
m a r I c u l C u r e .  A fo o d  c u l t u r e  m u s t  be d e p e n d a b l e  i n  o r d e r  t o  a c h i e v e  any  
a c c e p t a n c e  i n  t h e  m a r l c u l t u r e  I n d u s t r y .  The d i f f e r e n t  n u t r i t i o n a l  
v a l u e *  o f  e n r i c h m e n t  c u l t u r e s  may r e f l e c t  a c hange  I n  t h e i r  s p e c i e s  
c o m p o s i t i o n .  The p r e d o m i n a n t  m i c r o o r g a n i s m *  I n c l u d e d  b a c t e r i a ,  f u n g i ,  
d i l a t e s ,  c o l o r l e s s  f l a g e l l a t e s ,  a n d  a m oebae ,  b u t  no  q u a n t i f i c a t i o n s  o r  
i d e n t i f i c a t i o n s  o f  t h e s e  m i c r o o r g a n i s m s  was  a t t e m p t e d .  I t  i *  unknown 
w h i c h  o f  t h e s e  o r g a n i s m s  o r  w h i c h  c o m b i n a t i o n s  o f  o r g a n i s m s  w e r e  
p r o v i d i n g  n u t r i t i o n  f o r  t h e  b i v a l v e s ,  I s o l a t i n g  t h e  m a j o r  m i c r o b i a l  
c o n s t i t u e n t s  f rom  a n  e n r i c h m e n t  c u l t u r e  t h a t  r e s u l t e d  i n  g o o d  n u t r i t i o n  
m i g h t  l e a d  t o  d i s c o v e r y  o f  p o t e n t i a l l y  v a l u a b l e  h e t e r o t r o p h i c  f o o d  
o r g a n i s m s
Many a t t e m p t s  h a v e  b e e n  made t o  c u l t u r e  b i v a l v e s  on o r g a n i c  
com pounds  o f  p l a n t ,  a n i m a l ,  a n d  m i c r o b i a l  o r i g i n .  T h e s e  compounds h a v e  
b e e n  t e s t e d  I n  p a r t i c u l a t e ,  c o l l o i d a l ,  a n d  s o l u b l e  f o r m s .  The  a d d i t i o n  
o f  t h e s e  compounds  t o  n o n - s t e r i l e  s e a w a t e r  r e s u l t s  I n  a  b loom  o f  
h e t e r o t r o p h i c  m i c r o o r g a n i s m s ,  s i m i l a r  t o  a n  e n r i c h m e n t  c u l t u r e .  I n  some 
o f  t h e s e  s t u d L e *  t h e  w a t e r  was f i l t e r e d  t o  remove l a r g e  m i c r o o r g a n i s m s
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b u t  t a r t l y  w ar*  b a c t e r i a  e x c l u d e d ,  C o l o r l e s s  f l a g e l l a t e s  a s  w e l l ,  may 
h a v e  b a a n  p r a a a n t  I n  t h e s e  d i e t * .  D o u b l i n g  t i m e s  on  t h e  o r d e r  o f  20 
m i n u t e s  # r *  p o s s i b l e  f o r  b a c t e r i a  a n d  f o u r  h o u r s  f o r  c o l o r l e s s  
f l e g a l i s t s *  ( S e c t i o n  1 1 1 ) .  At  theme r a p i d  d i v i s i o n  r e t n , * warm, w e l l  
e e r e t e d  f o o d  r e a e r v o l r  may r a p i d l y  b loom  w i t h  h e t e r o t r o p h i c  
m i c r o o r g a n i s m s . When s u c h  c u l t u r e s  a r e  u s e d  t o  r a i s e  b i v a l v e s  I t  I s  
d i f f i c u l t  t o  s e p a r a t e  g r o w t h  e f f e c t s  o f  t h e  o r i g i n a l  compounds  from 
t h o s e  o f  t h e  ' b l o o m e d "  m i c r o o r g a n i s m s .  L i k e  t h e  e n r i c h m e n t  c u l t u r e  In  
t h i s  s t u d y ,  s u c h  d i e t s  a r e  o f t e n  i n c o n s i s t e n t  I n  f o o d  v a l u e ,  p o s s i b l y  
b e c a u s e  o f  c h a n g e s  i n  m i c r o b i a l  c o m p o s i t i o n .
N e l s o n  ( 1 9 3 4 )  I n  a n  e a r l y  a t t e m p t  t o  r a l e e  o y s t e r *  on o r g a n i c  
c o m p o u n d s ,  e v a l u a t e d  t h e  c o r n  s t a r c h ,  g r o u n d  a l f a l f a ,  s o y a  b e a n  m e a l ,  
a n d  g r o u n d  c r a b  m e a t ,  o f  w h i c h  o n l y  c o r n  s t a r c h  r e s u l t e d  i n  a n y  g ro w th .  
C a r r i k e r  ( 1 9 6 1 )  u s e d  Pablum c e r e a l  t o  f e e d  c lam  l a r v a e  b u t  e x p e r i e n c e d  
h i g h  m o r t a l i t y  w h i c h  h e  a t t r i b u t e d  t o  g r o w t h  o f  m i c r o o r g a n i s m s .
B o u i l l o n ,  n u t r i e n t  a g a r ,  l a c t o s e  b r o t h ,  m i l k ,  b a r l e y  e x t r a c t ,  and  
c a r b o h y d r a t e  a n d  amino  a c i d  s o l u t i o n s  w e r e  among t h e  many o r g a n i c  
c om pounds  t a s t e d  b y  C h a n l e y  a n d  N orraand ln  ( 1 9 6 7 )  a s  f o o d s  f o r  l a r v a l  
c l a n s ,  n one  o f  w h i c h  r e s u l t e d  i n  a n y  g r o w t h .  They  d i d  a c h i e v e  some 
s u c c e s s  w i t h  f i n e l y  g r o u n d  m a c r o p h y t i c  a l g a e .  V ery  s i m i l a r  r e s u l t s  were 
o b t a i n e d  w i t h  H. f a l l o p r o v l n c l a l l a  l a r v a e  ( H a s s o n ,  1977)  w h i c h  grew 
p o o r l y  w i t h  d i s s o l v e d  o r  c o l l o i d a l  compounds  b u t  d i d  grow on  g ro u n d  
m a c r o p h y t e a , a n d  a c h i e v e d  b e s t  g r o w t h  w i t h  l y o p h i l i z e d  p h y t o p l a n k t o n .  
D i s s o l v e d  o r g a n i c  compounds  may i n  g e n e r a l ,  s t i m u l a t e  q u i c k e r  b a c t e r i a l  
g r o w t h  t h a n  p a r t i c u l a t e s ,  and  t h i s  may be r e s p o n s i b l e  f o r  much o f  t h e  
e x t r e m e l y  p o o r  g r o w t h  a n d  h i g h  m o r t a l i t y  o b s e r v e d  w i t h  d i s s o l v e d  d i e t s .
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F e e d in g  o f  c e r e a l  f l o u r s ,  r i c h  i n  c a r b o h y d r a t e * ,  r e s u l t s  In  
c o n s i s t e n t  I n c r e a s e s  In o y s t e r  d r y  t i s s u e  w e i g h t s  (H aven ,  1965 ;  Kuwatani  
and  H l i h l l ,  1969;  Dunathan e t  *1.  , 1 9 6 9 ) .  I n  the  c a s e  o f  c o r n  s t a r c h .  
Che r o l e  o f  d i e r o o r g a n i s m *  c a n  be e l i m i n a t e d  s i n c e  t h e  food c u l t u r e s  
were m a i n t a i n e d  s t e r i l e  (Haven ,  1965;  T u r g a o n  and H a v e n ,  1 9 7 8 ) ,  An 
a d d i t i o n a l  p r o b le m  In  i n t e r p r e t i n g  f e e d i n g  s t u d i e s  I s  t h a t  t h e  
p h y s i o l o g i c a l  s t a t e  o f  an a n i m a l ,  which  i s  a  f u n c t i o n  o f  i t s  
e n v i r o n m e n t a l  h i s t o r y ,  nay I n f l u e n c e  how a n  an im al  r e s p o n d s  t o  a 
p a r t i c u l a r  d i e t .  Turgeon  a n d  Haven (1978 )  d e m o n s t r a t e d  t h a t  
c a r b o h y d r a t e  u t i l i z a t i o n  i n  o y s t e r s  i s  s i g n i f i c a n t l y  a f f e c t e d  by s e a s o n  
b e c a u s e  o f  i t s  r e l a t i o n  t o  t h e  s p a w n ing  c y c l e .  A s i m i l a r  f i n d i n g  f o r  
c lam s  was r e p o r t e d  by  H a r l e s t o n  ( 1 9 7 1 ) .
The most  p r o m i s i n g  a p p r o a c h  t o  u s i n g  BCS f o r  b i v a l v e  m a r l c u l t u r e  i s  
t o  c u l t u r e  b a c t e r i a  on t h e  BCS, r a i s e  t h e  c o l o r l e s s  f l a g e l l a t e  
V e s t l t a  on t h e  b a c t e r i a ,  a n d  t h e n  f e e d  t h e  f l a g e l l a t e  t o  b i v a l v e s .  The 
f l a g e l l a t e  l i n k  i n  t h e  fo o d  c h a i n  i s  n e c e s s a r y  f o r  p r o p e r  b i v a l v e  
n u t r i t i o n  g i v e n  t h e  t o t a l  l a c k  o f  g r o w t h  o n  b a c t e r i a l  d i e t s .  Enr ichm ent  
c u l t u r e s ,  a s  p r e v i o u s l y  d e s c r i b e d ,  a r e  n o t  c a p a b l e  o f  p r o v i d i n g  
c o n s i s t e n t l y  good n u t r i t i o n ,  a s e r i o u s  d raw b a ck  t o  t h e i r  u s e .
T h i s  s tu d y  d e m o n s t r a t e d  t h a t  J u v e n i l e  b i v a l v e s  a r e  c a p a b l e  o f  
g rowth  on £. v e s t l t a  bu t  do  n o t  grow a s  w e l l  as on J .  s u e c l c a . The 
n u t r i t i o n a l  v a l u e  o f  t h i s  c o l o r l e s s  f l a g e l l a t e  was com pared  t o  a s t r a i n  
o f  a l g a e  t h a t  was chosen  on  t h e  b a s i s  o f  o v e r  f i f t y  y e a r s  o f  r e s e a r c h  
and dozens  o f  i n v e s t i g a t i o n s  on a l g a l  d i e t s .  Of t h e  h u n d r e d s  o f  s t r a i n s  
o f  c o l o r l e s s  f l a g e l l a t e *  t h a t  may e x i s t ,  o n l y  f i v e  w e r e  e v a l u a t e d  In 
t h i s  s tu d y .  Among t h e s e  o t h e r  u n t e s t e d  s t r a i n s ,  m o s t  o f  w h i c h  have y e t
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t o  b e  c u l t u r e d ,  t h e r e  n a y  be o r g a n i s e s  w h i c h  e r e  s u p e r i o r  t o  £ .  v e i t l t a  
I n  n u t r i t i o n a l  v a l u e  a n d  a r e  t h e  e q u a l  o f  any  a l g a l  d i e t .
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SECTION V 
C o n c l u s i o n s
The  p o t e n t 1*1 f o r  u s e  o f  BCS I n  b i v a l v e  c u l t u r e  v a t  a s s e s s e d  by 
c o m p e r in g  t h e  g r o w th  o f  j u v e n i l e  o y s t e r s  f e d  c o l o r l e s s  f l e g e l l e t e s  w i t h  
t h e i r  g r o w t h  on e l  g e e .  Growth  r e t e s  end  e f f l c i e n c e s  f o r  j u v e n i l e  
o y s t e r s  u n d e r  e l a u l s t e d  h a t c h e r y  c o n d i t i o n s  c a n  be e s t i m a t e d  f r o m  t h e  
r e s u l t *  I n  s e c t i o n  IV, The r e q u i r e m e n t s  f o r  c u l t u r i n g  fo o d  o r g a n i s m s  
( b a c t e r i a  a n d  p r o t o z o a )  f o r  u s e  i n  a n  o y s t e r  h a t c h e r y  u s i n g  BCS a s  a 
n u t r i e n t  s o u r c e  c a n  be c a l c u l a t e d  f r o m  t h e  r e s u l t s  o f  s e c t i o n s  I I  a nd  
111. T h e s e  c a l c u l a t i o n s  w e r e  made f o r  a  s m a l l  h a t c h e r y  c a p a b l e  o f  
p r o d u c i n g  d a l l y  1 5 ,0 0 0  j u v e n i l e  o y s t e r s  w e i g h i n g  2 . 0  g e a c h ,  f o r  
t r a n s f e r  t o  n a t u r a l  b e d s  ( T a b l e  V . l ) .  The r e q u i r e m e n t s  o f  a T e t r a s e l n i i s  
b a s e d  h a t c h e r y  c a p a b l e  o f  t h e  same p r o d u c t i o n  a r e  p r e s e n t e d  i n  T a b l e
V.2- Numerous s i m p l i f y i n g  a s s u m p t i o n s  ( i . e .  a b s e n c e  o f  m o r t a l i t y ,  
c o n s t a n t  g r o w th  r a t e )  w e re  made I n  t h e  f o l l o w i n g  d i s c u s s i o n  w h i c h  I s  n o t  
i n t e n d e d  t o  b e  a  d e t a i l e d  p r o d u c t i o n  model  o f  a  b i v a l v e  h a t c h e r y .
G rowth  r a t e s  o f  o y s t e r s  I n  a  h a t c h e r y  a r e  e s t i m a t e d  from t h e  
r e s u l t s  p r e s e n t e d  I n  t a b l e  I V . 11. The  b e s t  g r o w t h  o f  o y s t e r s  f e d  J '  
K u e c l c a  was 0 . 3 7  g u n d e r w a t e r  w e i g h t  o v e r  a 14 day  e x p e r i m e n t ,  w h i c h  was 
e q u i v a l e n t  t o  a  d a l l y  g r o w t h  I n c r e m e n t  o f  2 6 . 4  mg u n d e r w a t e r  w e l g h t / d a y  
S in c e  u n d e r w a t e r  w e i g h t  i s  a p p r o x i m a t e l y  501 o f  t h e  w ho le  w e i g h t ,  t h e  
g rowth  r a t e  o f  t h e s e  o y s t e r s  e x p r e s s e d  as  w h o le  w e i g h t  I s  e s t i m a t e d  t o  
have b e e n  5 2 . B m g/day .  The g r e a t e s t  g row th  o f  o y s t e r s  f e d  £ ,  v e s t ! t a
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T a b l e  V . l
O y s t e r  P r o d u c t i o n  and  C u l t u r e  R e q u i r e m e n t s  f o r  a n  O y s t e r  
H a t c h e r y  U s i n g  BCS t o  R a i s e  B a c t e r i a  and  P r o t o z o a .
d a i l y  h a t c h e r y  p r o d u c t i o n  .  1 5 , 0 0 0  2 . 0 » g  o y s t e r s
o y s t e r  s p e c i f i c  g r o w t h  r a t e ..................................................... 0 . 0 2 1  day  ^
t i n e  r e q u i r e d  t o  r e a c h  2 .0  g,  . . . .  ...........................................1B0 d a y s
b i o m a s s  o f  o y s t e r s ...................................................................., ............1 , 5 7 5  kg
d a l l y  p r o t o z o a n  p r o d u c t i o n .   ............   2 . 98 kg
p r o t o z o a n  c u l t u r e  v o l u m e   ............................................2 ,611  1
d a l l y  b a c t e r i a l  p r o d u c t i o n .   ........................................ . . 7 . 8  k j
b a c t e r i a l  c u l t u r e  v o l u m e ....................................... .. ........................ . . . 7 8 4  1
d a l l y  BCS r e q u i r e m e n t   ......................... .................................. . 6 1 .  B k g
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T a b l e  V . 2
O y s t e r  p r o d u c t i o n  a n d  c u l t u r e  r e q u i r e m e n t *  f o r  
a n  o y s t e r  h a t c h e r y  u s i n g  T e t r a s e l m l s  a u e c l c a .
d a l l y  h a t c h e r y  p r o d u c t i o n ............... .  . 1 5 , 0 0 0  2 . 0 - g  o y s t e r s
o y s t e r  s p e c i f i c  g r o w t h  r a t e  . . .................... . . 0 . 0 3 5  day
t i m e  r e q u i r e d  t o  r e a c h  2 . 0  g ................... ..................................106 days
b i o m a s s  o f  o y s t e r s , , .................. . ......................................................1 , 1 0 5  kg
d a l l y  a l g a l  p r o d u c t i o n .  . . . . . . .   .................................................. 1 . 7 7  kg
a l g a l  c u l t u r e  v o lum e ,   .........................................6 , 1 5 6  1
c u l t u r e  v e s s e l s . . . . . . .   ............................. 77 8 0 - 1  v e s s e l s
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v a t  0 , 2 2  g u n d e r w a t e r  w e i g h t  o v e r  a  14 day  e x p e r i m e n t  w h i c h  i s  
e q u i v a l e n t  t o  a d a l l y  g r o w th  i n c r e m e n t  o f  3 1 , 4  n g / d e y ,  when e x p r e s s e d  as  
w h o l e  w e i g h t .
G ro w th  e f f i c i e n c y  wai  c o n s i d e r e d  t o  b e  t h e  d a l l y  g r o w t h  i n c r e m e n t  
d i v i d e d  b y  t h e  d a l l y  r a t i o n .  The  d a l l y  r a t i o n  was 80 mg d r y  w e i g h t  o f  
a l g a e  o r  p r o t o z o a  p e r  t r e a t m e n t  o f  25 o y s t e r s  w h i c h  w as  e q u i v a l e n t  t o  
3 . 2  mg d r y  we l g h t / o y s t e r / d a y , F o r  o y s t e r a  f e d  J ,  e u e c l c a  t h e  g r o w t h  
e f f i c i e n c y  was  1 6 . 5  m g - o y s t e r /  mg d r y  w e i g h t  o f  a l g a e  a n d  f o r  t h o s e  f e d  
a £ ,  v e s t l t a  d i e t ,  9 . 8 1  m g - o y s t e r /  mg d ry  w e i g h t  o f  p r o t o z o a n .  The 
g r o w t h  e f f i c i e n c y  on £ ,  v e s t l t a  was 601 o f  t h a t  on  a l g a e .  The g r o w t h  
e f f l c l e n c l e a  were g r e a t e r  t h a n  1 . 0  b e c a u s e  t h a  o y s t e r  w e i g h t  l a  w h o l e  
w e i g h t  ( o r  w e t  w e i g h t  w i t h  s h e l l )  w h i l e  t h e  a l g a e  w e r e  e x p r e s s e d  a s  d ry  
w e i g h t .  The  d r y  m ea t  w e i g h t  o f  o y s t e r s  t h i s  s i z e  I s  a p p r o x i m a t e l y  31 o f  
t h e i r  w h o l e  w e i g h t  ( H u l l e r .  1 9 7 8 ) .  Us ing  t h i s  c o n v e r s i o n  f a c t o r ,  t h e  
g r o w t h  e f f i c i e n c i e s  e x p r e s s e d  a s  mg- d r y  m e a t  w e i g h t  p e r  g d r y  w e i g h t  o f
f o o d  a r e  4 9 5  f o r  g r o w t h  on I -  a u e c l c a  and £94  f o r  g r o w t h  on £ .  v e s ^ l t a .
The o v e r a l l  g r o w t h  e f f i c i e n c y  o f  o y s t e r s  on BCS w a s  e q u a l  t o  t h e
p r o d u c t  o f  t h e  y i e l d  o f  b a c t e r i a  ( £ ,  m a r i n a ) o n  BCS, t h e  y i e l d  o f
p r o t o z o a  ( £ .  v e s t l t a )  on b a c t e r i a ,  and  t h e  g r o w t h  e f f i c i e n c y  o f  o y s t e r s  
o n  p r o t o z o a  ( T a b l e  V . 3 ) .  The y i e l d  o f  £ .  m a r i n a  on BCS was 127 mg (d ry  
w e i g h t )  p e r  g  ( d r y  w e i g h t )  o f  BCS ( T a b l e  1 1 , 8 a ) .  The y i e l d  o f  £ ,  
v e s t l t J  w a s  380 mg ( d r y  w e i g h t )  p e r  g ( d r y  w e i g h t )  o f  £ ,  m a r i n a  ( T a b l e  
1 1 1 . 6 a ) ,  The  g r o w th  e f f i c i e n c y  o f  o y s t e r s  o n  £ .  y p s t l t q . a s  p r e v i o u s l y  
c a l c u l a t e d ,  was 9 ,8 1 0  mg o y s t e r  ( w h o le  w e i g h t )  p e r  g  ( d r y  w e i g h t )  o f  £ .  
v e s t l t a  o r  294 mg o y s t e r  ( d r y  m e a t )  p e r  g o f  £ .  y ^ s t i t a . The o v e r a l l  
g r o w t h  e f f i c i e n c y  o f  o y s t e r s  on BCS was t h u s  473 mg o f  o y s t e r  ( w h o l e
T i b i *  V . 3
O v e r a l l  C o n v e r s i o n  E f f i c i e n c y  o f  ■ BCS B a se d  A q u a c u l t u r e  Sys tem
t r o p h i c  s t a g e  t r a n s f e r  e f f i c i e n c y
“ B/S
BCS t o  b a c t e r i a 127
b a c t e r i a  t o  p r o t o z o a 380
p r o t o z o a  t o  o y s t e r  (who le  w e i g h t ) 9 . 8 1 0
p r o t o z o a  t o  o y s t e r  ( d r y  n e a t  w e i g h t ) 294
BCS t o  o y s t e r  ( w h o le  w e i g h t ) 473
BCS t o  o y s t e r  ( d r y  n e a t  w e i g h t ) 14 .  2
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w e i g h t )  p a r  g  o f  BCS ( d r y  w e i g h t )  o r  1 4 . 2  ng  o f  o y s t e r  ( d r y  u i t )  p e r  g 
o f  BCS ( d r y  w a l g h t ) .
O n l y  1.4% o f  t h e  BCS l a  c o n v e r t e d  t o  o y s t e r  b I o n i a n  I f  t h e  o v e r a l l  
g r o w t h  e f f i c i e n c y  o f  t h e  o y a t e r c  l a  e x p r e s s e d  a* d r y  n e a t  w e i g h t  (T ab le
V . 3 ) .  L l k e w l e e ,  e  s i m i l a r l y  s m a l l  p e r c e n t a g e  o f  t h e  n u t r l e n t o  in  t h e  
BCS o u s t  b e  c o n v e r t e d  t o  o y s t e r  b i o m a s s .  The r e a s o n  f o r  t h e  low o v e r a l l  
e f f i c i e n c y  l a  t h a t  t h e  n u t r i e n t s  a r e  p a s s i n g  t h r o u g h  t h r e e  t r o p h i c  
l e v e l s  I n  t h e  a q u a c u l t u r e  scheme w i t h  m e t a b o l i c  l o s s e s  o c c u r r i n g  a t  ea ch
s t e p .  I n  a d d i t i o n ,  t h e  f i r s t  t r a n s f e r  f rom BCS t o  b a c t e r i a  I s
p a r t i c u l a r l y  low  b e c a u s e  t h e  b a c t e r i a  a r e  n o t  u t i l i z i n g  a l l  t h e  
c o B p o u n d s  i n  t h e  BCS. N u t r i e n t s  n o t  c o n v e r t e d  t o  o y s t e r  b io m a s s  a r e  
b e i n g  r e l e a s e d  t o  t h e  e n v i r o n m e n t  a s  m e t a b o l i c  p r o d u c t s  o r  u n d i g e s t e d  
b l o u t f . S i n c e  o n l y  a  s m a l l  p e r c e n t a g e  o f  t h e  n u t r i e n t s  a r e  r e c y c l e d ,  
t h i s  schem e  I s  a n  I n e f f i c i e n t  way t o  r e c y c l e  n u t r i e n t s .  As a form o f  
w a s t e  t r e a t m e n t ,  t h i s  w a s t e w a t e r  a q u a c u l t u r e  schem e  has  no a d v a n ta g e s  
o v e r  c o n v e n t i o n a l  f o rm s  o f  w a s t e  t r e a t m e n t  i n  r e m o v a l  o f  n u t r i e n t s .  I t
may s t i l l  h a v e  e c o n o m i c  a d v a n t a g e s  t o  t h e  o p e r a t i o n  o f  a b i v a l v e
h a t c h e r y .
J u v e n i l e  o y s t e r *  i n  a  h a t c h e r y  c a n  be  c o n s i d e r e d  t o  grow 
e x p o n e n t i a l l y  a n d  s p e c i f i c  g r o w t h  r a t e s  (k )  a r e  t h e r e f o r e  c a l c u l a t e d  
u s i n g  s u c h  a  m o d e l .  The g r o w t h  o f  young  r a p i d l y  g row ing  o r g a n i s m s  c a n  
b e  d e s c r i b e d  b y  a n  e x p o n e n t i a l  model  ( A l l e n  e t  a l . ,  1984) .  V a lues  o f  k 
c a n  t h e n  b e  c a l c u l a t e d  f rom  t h e  f o l l o w i n g  f o r m u l a :
w h e r e ,  k  -  s p e c i f i c  g r o w t h  r a t e ,  days  * 
t  -  g r o w t h  p e r i o d ,  d a y s  
Wo- a v e r a g e  i n i t i a l  o y s t e r  w e i g h t ,  g
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V t -  a v e r a g e  f i n a l  o y s t e r  w e i g h t ,  g
The s p e c i f i c  g r o w t h  r a t *  was d e t e r m i n e d  b y  c o n s i d e r i n g  t h a  g r o w t h  p e r i o d
( t )  t o  b* 1 . 0  d a y  a n d  t h e  f i n a l  o y s t e r  w e i g h t  (Wt)  t o  b e  Che I n i t i a l  
w e i g h t  (Vo) + t h e  d a i l y  g r o w t h  I n c r e m e n t ,  The s p e c i f i c  g r o w t h  r a t e  o f  
o y s t e r *  f e d  £ ,  v e s t l t a  wae 0 . 0 2 0 5  day  which  l e  e q u i v a l e n t  t o  2.1% 
day a n d  t h e  s p e c i f i c  g r o w t h  r a t e  o n  J .  s u e d e *  w as  0 . 0 3 6 6  day ^ o r  
3 . 5 1  d a y * .  T h e s e  v a l u e s ,  w h i c h  were b a s e d  on o y s t e r s  r a n g i n g  from 1.5 
g t o  2 . 0  g ( w h o l e  w e i g h t )  may b e  u n d e r e s t i m a t e *  o f  t h e  s p e c i f i c  g rowth  
r a t e  o f  s m a l l  o y s t e r * .  F o r  t h i s  d i s c u s s i o n ,  h o w e v e r ,  t h e  s p e c i f i c  
g r o w t h  r a t e s  w i l l  b e  c o n s i d e r e d  t o  r e m a i n  c o n s t a n t  w i t h  i n c r e a s i n g  s i z e ,  
up  t o  2 . 0  g .
The  e x p o n e n t i a l  g r o w t h  m o d e l  c a n  b e  u s e d  t o  c a l c u l a t e  t h e  amount  o f
t i m e  ( t )  r e q u i r e d  f o r  a n e w l y  s e t  o y s t e r  (Vo) t o  r e a c h  2 . 0  g ( W t ) , t h e
s i z e  a t  w h i c h  i t  l e a v e s  t h e  h a t c h e r y .  R e a r r a n g i n g  t h e  p r e v i o u s  e q u a t i o n  
va o b t a i n :
I n  t h i s  c a s e  V t  1* c o n s i d e r e d  t o  be 2 . 0  g  and  Vo, t h e  w e i g h t  o f  a newly 
j e t  s p a t ,  l a  c o n s i d e r e d  t o  b e  0 . 0 5  g. F o r  g r o w t h  o n  £ .  v e s t l t a . w i t h  k 
— 0 . 0 2 0 5  d a y  190 d a y s  a r e  r e q u i r e d  t o  r e a c h  2 . 0  g  and  f o r  g r o w th  on 
I .  a u e c l r a . w i t h  k -  0 . 0 3 4 6  d a y  V  106 d a y s  a r e  r e q u i r e d ,
I f  a h a t c h e r y  i s  t o  c o n t i n u a l l y  p r o d u c e  J u v e n i l e *  w h i c h  axe removed 
when t h e y  r e a c h  a  g i v e n  s i z e  ( I . e .  2 . 0  g ) , I t  m u s t  m a i n t a i n  a  s t a b l e  
p o p u l a t i o n  s t r u c t u r e .  The  n u m b er  o f  a n i m a l s  In  e a c h  age  c l a s s  ( i n  t h i s  
e x a m p l e ,  d a y  c l a s s )  m u s t  r e m a i n  c o n s t a n t .  The h a t c h e r y  b i o m a s s  r e q u i r e d
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t o  p r o  due*  * t i n g l e  2 . 0  g  o y s t e r  on  a  d a i l y  b a s i s  v a i  a p p r o x i m a t e d  by  a 
g e o m e t r i c  s e r i e s :
s -
w h e r e „
5 -  h a t c h e r y  b i o m a s s  r e q u i r e d  t o  p r o d u c e  a s i n g l e  2 . 0  g o y s t e r  on a 
d a l l y  b a s i s  
U d-  I n i t i a l  w e i g h t ,  0 . 0 5  g 
t  -  d a y s  r e q u i r e d  t o  r e a c h  2 . 0  g 
q -  r a t i o  o f  o y s t e r  w e i g h t s  on  s u c c e s s i v e  da ys
The t o t a l  o y s t e r  h a t c h e r y  b i o m a s s  r e q u i r e d  t o  p r o d u c e  1 5 , 0 0 0  2 . 0  g 
o y s t e r s  on a  d a l l y  b a s i s  I s  c a l c u l a t e d  t o  b e  ( 1 5 , 0 0 0 ) (S )  o r  1 , 5 7 5  kg  f o r  
g r o w t h  on  £ .  v e s t l t a . w i t h  a  ISO d a y  g r o w i n g  p e r i o d ,  a n d  was 1 ,1 0 5  kg 
f o r  g r o w t h  on  I ,  s u e c i c a  w i t h  a 106 d a y  g r o w i n g  p e r i o d .
H o r t a l i t y  o f  s p a t  was n o t  t a k e n  i n t o  a c c o u n t  i n  m a k in g  t h e s e  
b i o m a s s  e s t i m a t e s .  I n  a  r e a l  h a t c h e r y ,  m o r t a l i t y  w o u l d  have  a  
s i g n i f i c a n t  e f f e c t .  I f  we assum e t h a t  o y s t e r s  f e d  a l g a l  and  p r o t o z o a n  
d i e t *  h a v e  t h e  same m o r t a l i t y  r a t e ,  t h e  d i e t  p r o d u c i n g  s l o w e r  g r o w t h  
w i l l  r e s u l t  i n  g r e a t e r  m o r t a l i t y  due  t o  t h e  l o n g e r  p e r i o d  o f  t i m e  t h e  
a n i m a l s  r e m a i n  i n  t h e  h a t c h e r y .  I n  o r d e r  t o  end  up w i t h  t h e  same number 
o f  a n i m a l * ,  a l a r g e r  I n i t i a l  b i o m a s s  w i l l  b e  r e q u i r e d  f o r  t h e  s l o w e r  
g r o w i n g  d i e t .  M o r t a l i t y  e f f e c t s  c a n  b e  d e s c r i b e d  by  e x p o n e n t i a l  d e c a y  
e q u a t i o n s  ( E v e r h e a r t  e t  a l . t 1 9 7 5 ) .  A ssum ing  a c o n s t a n t  m o r t a l i t y  r a t e  
o f  1% ( 0 . 0 1  d a y ' ^ ) , a h a t c h e r y  r e q u i r i n g  a  180 day  g r o w i n g  p e r i o d  ( £ .
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v e s t l t a  d i e t )  B u t t  s t a r t  o u t  w i t h  0 0 ,9 0 9  s p a t  t o  end up w i t h  15 ,000  
o y s t e r # .  A h a t c h e r y  w i t h  a  106 day growing  p e r i o d  ( J .  a u e c l c a  d i e t )  
n e e d  a t a r t  o u t  w i t h  o n l y  4 3 , 3 5 3  e p a t  t o  end up w i t h  15 ,000  o y s t e r s .  A 
d e t a i l e d  d i s c u s s i o n  on t h e  e f f e c t e  o f  m o r t a l i t y  on the  o p e r a t i o n  o f  a 
h a t c h e r y  l e  b e y o n d  t h e  e c o p e  o f  t h l e  d i s c u s s i o n  and m o r t a l i t y  e f f e c t s  
w i l l  n o t  be c o n s i d e r e d  f u r t h e r .
The  t o t a l  am oun t  o f  o y s t e r  g rowth  t h a t  o c c u r s  each  day c a n  be 
e s t i m a t e d  from t h e  g ro w th  i n c r e m e n t  o f  each  d a i l y  age c l a s t  m u l t i p l i e d  
by  t h e  number  o f  o y s t e r s  i n  e a c h  age c l a s s .  S i n c e  m o r t a l i t y  i s  assumed 
t o  be  a e r o ,  t h a  number  o f  o y s t e r a  In  e a c h  age c l a s s  r em a in s  c o n s t a n t  a t  
1 5 , 0 0 0 .  The sum o f  t h e  g r o w t h  I n c r e m e n t s  f o r  e a c h  age c l a s s  Is  e q u a l  t o  
t h a  f i n a l  w e i g h t  m inus  t h e  I n i t i a l  w e i g h t  o r  2 . 0  g  - 0 . 0 5  g -  1 .95  g.
The t o t a l  amount  o f  g row th  i s  ( 1 5 , 0 0 0 ) ( 1 . 9 5 g )  -  25 ,250  g o r  2 5 .2 5  kg.
I n  o r d e r  t o  h a r v e s t  1 5 ,0 0 0  2 . 0  g o y s t e r a  e q u i v a l e n t  to  30 ,000  g o f  
o y s t e r  b i o m a s s  d a i l y ,  t h e  h a t c h e r y  s t o c k  must  i n c r e a s e  i n  w e i g h t  by 
2 5 , 2 5  k g .  An a d d i t i o n a l  0 . 7 5  kg w i l l  be  c o n t r i b u t e d  by newly  s e t  
a n i m a l s .
The  d a i l y  a l g a l  p r o d u c t i o n  r e q u i r e d  f o r  t h i a  h a t c h e r y  can  be 
e s t i m a t e d  a s  t h e  t o t a l  amount  o f  o y s t e r  growth (29 .25  kg)  d i v i d e d  by the  
e f f i c i e n c y  o f  o y s t e r  g r o w t h  on  I ,  s u e c i c a  (1 6 ,5  kg  o f  o y s t e r  p e r  kg dry 
w e i g h t  o f  a l g a e ) .  The r e s u l t ,  1 .77 kg {dry w e i g h t )  o f  I -  s u e c i c a , i s  
t h e  am o u n t  o f  a l g a e  t h a t  m us t  be p r o d u c e d  d a l l y  by t h e  h a t c h e r y .
L a r g e  s c a l e  c u l t u r e  o f  J .  a u e c l e a  f o r  u s e  a s  an o y s t e r  food  has  
b e e n  s t u d i e d  by  L a i n g  and  J o n e s  (1983 ) .  They found  t h a t  u n d e r  o p t im a l
r
c o n d i t i o n s ,  a n  80  1 c u l t u r e  v e s s e l ,  w i t h  a c e l l  d e n s i t y  o f  2 X 10 
c e l l s / m l ,  c o u l d  p r o d u c e  23 g {dry w e i g h t )  o f  a l g a e  p e r  day.  To p roduce  
t h e  1 . 7 7  kg  o f  a l g a e  r e q u i r e d  by the  t h e o r e t i c a l  h a t c h e r y  unde r
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d i s c u s s i o n ,  would r e q u i r e  77 c u l t u r e  v e s s e l s  o f  BO 1 o r  a  t o t a l  o f  6 ,156  
1 .
The d a i l y  p r o d u c t i o n  o f  £ .  v a s t l y *  r e q u i r e d  f o r  t h i s  t h e o r e t i c a l  
h a t c h e r y  c a n  be  e s t i m a t e d  from t h e  t o t a l  amount  o f  o y e t e r  g r o w t h  ( 2 9 .2 5  
kg )  d i v i d e d  by  t h e  e f f i c i e n c y  o f  o y i t e r  g r o w th  on  f .  v e s t l t a  ( 9 . 8 1  kg  o f  
o y e t e r  p e r  kg d r y  w e i g h t  o f  £ .  v e s t l t a ) . The r e s u l t ,  2 .9 8  kg ( d r y  
w e i g h t )  o f  £ .  v e s t l t a . i t  t h e  amount  t h a t  n u i t  be p r o d u c e d  d a i l y  by  the  
h a t c h e r y .
The vo lume o f  c u l t u r e  r e q u i r e d  t o  p r o d u c e  2 ,9 8  kg  ( d r y  w e i g h t )  o f  
£■ v a e t l t a  i t  c a l c u l a t e d  from t h e  s p e c i f i c  g rowth  r a t e e  and c e l l  
d a n a l t l e s  m e a s u r e d  i n  s e c t i o n  I I I ,  u s in g  t h e  f o l l o w i n g  e q u a t i o n  f o r  
e x p o n e n t i a l  g row th :
w h e r e ,
f i n a l  c e l l  c o n c e n t r a t i o n
N — i n i t i a l  c e l l  c o n c e n t r a t i o n  o
k  — s p e c i f i c  g r o w t h  r a t e ,  h ‘ * 
t  — amount  o f  t i m e  in  g r o w t h ,  days 
e -  b a s e  o f  n a t u r a l  L o g a r i t h m s
A c u l t u r e  w i t h  a n  I n i t i a l  c e l l  d e n s i t y  o f  l Q ^ c e l l s / m l  and  i n  e x p o n e n t i a l
g r o w th  f o r  24 h w i t h  a s p e c i f i c  g rowth  r a t e  o f  0 . 1 0 5  h " ^  ( t a b l e  111 .6 b )  
w ou ld  h a v e  a  f i n a l  c e l l  c o n c e n t r a t i o n  o f  1 2 . 4  X 10^ c e l l s / m l .  The  d a i l y  
p r o d u c t i o n  o f  s u c h  a  c u l t u r e  I s  c a l c u l a t e d  a s  t h e  f i n a l  c o n c e n t r a t i o n  
m in u s  t h e  I n i t i a l  c o n c e n t r a t i o n ,  e q u i v a l e n t  t o  1 1 . 4  X l O ^ c e l l a / m l . The
d a l l y  p r o d u c t i o n  i n  u n i t s  o f  g  ( d r y  w a l g h t ) / l  i s  1 . 0 6  g ( d r y  w e i g h t ) / l ,
w h i c h  c a n  b e  o b t a i n e d  by  m u l t i p l y i n g  the  d r y  w e i g h t  o f  a  s i n g l e  £ .
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v e s t l t a  c e l l  ( 9 . 3  X 1 0 " ^ g / c e l l )  a n d  c o n v e r t i n g  f rom  ml t o  1 .  D i v i d i n g  
t h e  r e q u i r e d  amount  o f  £ .  v e p t l t a  ( 2 . 9 6  k g )  by  t h e  d r y  w e i g h t  p r o d u c t i o n  
( 1 . 0 6  g / 1 )  y i e l d s  2 , 8 1 1  1,  t h e  r e q u i r e d  vo lume o f  £ .  v f s ftl p a  c u l t u r e .
I f  £ .  v e s t l t a  w ore  t o  be p r o d u c e d  i n  80 1 c u l t u r e  v e a a e l s ,  35 v a s s a l s  
w o u l d  b e  r e q u i r e d .
£ .  v e s t l t a . t o  b e  f e d  t o  o y s t e r s ,  r e q u i r e s  b a c t e r i a  ( £ .  m a r i n a ) f o r  
n u t r i t i o n .  The amount  o f  b a c t e r i a l  b i o m a s s  r e q u i r e d  d a l l y  c a n  be 
a s t i m e  t e d  by  d i v i d i n g  t h e  r e q u i r e d  b i o m a s s  o f  £ .  v e s t l t a  ( 2 . 9 8  kg )  by 
t h e  y i e l d  o f  £ .  v e s t l t a  on  £ .  m r . t n f l  ( 0 . 3 8 ) .  o r  7 . 8 4  k g  o f  £ .  m a r i n a .
T h e  r e q u i r e d  v o lu m e  o f  b a c t e r i a l  c u l t u r e ,  h o w e v e r ,  w o u l d  b e  much l o w e r  
t h a n  t h e  f l a g e l l a t e  c u l t u r e  volume b e c a u s e  t h e  b a c t e r i a  h a v e  a  much 
h i g h e r  s p e c i f i c  g r o w t h  r a t a .  The s p e c i f i c  g r o w t h  r a t e  f o r  £ .  m a r i n a  was 
0 . 6 1 1  h  ( t a b l e  1 1 . B) ,  w h i c h  i s  e q u i v a l e n t  t o  a n  a p p r o x i m a t e l y  2 0 . 0 0 0  
f o l d  i n c r e a s e  when g r o w i n g  e x p o n e n t i a l l y  f o r  24 h .  I f  t h e  £ .  m a r i n a  l a  
h a r v e s t e d  d a l l y  f rom  a b a t c h  c u l t u r e  when t h e  c o n c e n t r a t i o n  r e a c h e s  10 
g / 1 ,  a  c u l t u r e  vo lum e  o f  784 1 w o u ld  be r e q u i r e d .  T h i s  c u l t u r e  w ou ld  
r e q u i r e  a  d a l l y  i n o c u l a t i o n  o f  o n l y  0 . 4 1  g o f  £ .  m a r i n a .
The am o u n t  o f  ECS r e q u i r e d  d a l l y  f o r  t h e  b i v a l v e  h a t c h e r y  u n d e r  
d i s c u s s i o n  i a  6 1 . 8  kg ,  w h i c h  was e s t i m a t e d  by  d i v i d i n g  t h e  d a l l y  
i n c r e a s e  I n  o y s t e r  b i o m a s s  ( 2 9 . 2 5  kg)  by  t h e  o v e r a l l  y i e l d  o f  o y s t e r s  on 
ECS ( 0 . 4 7 3 ) .  The same v a l u e  f o r  ECS would  a l s o  be o b t a i n e d  by  d i v i d i n g  
t h e  r e q u i t e d  am oun t  o f  £ .  m a r i n a  by  t h e  y i e l d  o f  £ .  m a r i n a  on BCS. 
C o n s i d e r i n g  t h a t  a l a r g e  m odern  b r e w e r y  s u c h  a s  t h e  A n h e u s e r  Busch 
b r e w e r y  i n  W i l l l a a s b u r g , p r o d u c e s  on  t h e  o r d e r  o f  16 m i l l i o n  l i t e r s  o f  
w a s t e  w a t e r  p e r  d a y ,  a  s i n g l e  o y s t e r  h a t c h e r y  u s i n g  6 1 . 8  kg  o f  BCS p e r  
d a y  i s  u s i n g  a  n e g l i g i b l e  f r a c t i o n  o f  t h e  w a s t e  e f f l u e n t .
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A b i v a l v e  h a t c h e r y  u s i n g  BCS a s  a  n u t r i e n t  s o u r c e  w ou ld  r e q u i r e  
c o n s i d e r a b l y  l e s s  s p a c e  f o r  c u l c u r i n g  t h a  f o o d  o r g a n ! s a s  f o r  b i v a l v e *  
t h a n  w o u ld  a  c o u p a r a b l e  h a t c h e r y  r a i l i n g  a l g a e .  The d a l l y  p r o d u c t i o n  o f
1 5 . 0 0 0  2 . 0  g o y a t e r a  w ou ld  r e q u i r e  a  2 .B 11  1 c u l t u r e  f o r  £ ,  v e s t l t a  and 
a 764 1 c u l t u r e  f o r  £ .  m a r i n a . o r  a  t o t a l  c u l t u r e  vo lume o f  3 , 5 9 5  1. A 
b i v a l v e  h a t c h e r y  w i t h  t h a  *a a e  d a i l y  p r o d u c t i o n  and  u e l n g  J ,  s p e c f e g f o r  
f o o d  wou ld  r e q u i r e  6 , 1 5 6  1 f o r  a l g a l  p r o d u c t i o n .  The BCS b a s e d  h a t c h e r y  
r e q u i r e s  o n l y  581 o f  t h e  c u l t u r e  vo lume t h a t  t h e  a l g a l  b a s e d  h a t c h e r y  
r e q u i r e s .  I n  a d d i t i o n ,  t h e  c u l t u r e s  f o r  t h e  BCS b a s e d  h a t c h e r y  can  
u t i l i z e  f l o o r  s p a c e  more  e f f i c i e n t l y  t h a n  a l g a l  c u l t u r e s .  A l g a l  
p r o d u c t i o n  l a  b a s e d  o n  t h e  u se  o f  80 I  c u l t u r e  v e s s e l s  a n d  t h e  r e q u i r e d  
77 v e s s e l s  w o u l d  c o v e r  6 . 9 3  s q u a r e  m e t e r s .  The a l g a l  c u l t u r e s  c a n  n o t  
b e  e a s i l y  s c a l e d  up t o  l a r g e r  v o lu m e s  b e c a u s e  o f  t h e  l i m i t a t i o n s  imposed 
by L i g h t  p e n e t r a t i o n .  The 2 ,8 1 1  1 o f  £ .  v e s t l t a  c u l t u r e  c o u l d  b e  r a i s e d  
i n  a  s i n g l e  c u l t u r e  v e s s e l ,  A c y l i n d r i c a l  t a n k  2 . 0  m h i g h  h o l d i n g  th e  
2 ,8 1 1  1 c u l t u r e  wou ld  c o v e r  1 . 6  s q u a r e  m e t e r s .  The 786 1 £.  m a r i n a  
c u l t u r e  w ou ld  r e q u i r e  a n  a d d i t i o n a l  0 . 3 9 2  s q u a r e  m e t e r s  i f  i t  w e re  In a
2 . 0  m h i g h  t a n k .  The f l o o r  s p a c e  d e v o t e d  t o  r a i s i n g  f o o d  f o r  t h e  
b i v a l v e s  i n  a  BCS b a s e d  h a t c h e r y  i s  26% o f  t h e  f l o o r  s p a c e  o f  a n  a l g a l  
b a s e d  h a t c h e r y .
Many o p e r a t i n g  a n d  c o n s t r u c t i o n  c o s t s  f o r  a b i v a l v e  h a t c h e r y  may be 
r e d u c e d  by u s i n g  BCS a s  a n u t r i e n t  s o u r c e .  The c o s t  o f  I l l u m i n a t i n g  
a l g a l  c u l t u r e s  I s  e l i m i n a t e d ,  a s  d i s c u s s e d  I n  s e c t i o n  IV .  A l g a l  c u l t u r e  
v e s s e l s  m u s t  b e  t r a n s p a r e n t ,  a r e q u i r e m e n t  w h i c h  s e v e r e l y  l i m i t s  t h e  
c o n s t r u c t i o n  m a t e r i a l s  a v a i l a b l e .  A v a r i e t y  o f  c h e e p  m a t e r i a l s  a r e  
a v a i l a b l e  f o r  c o n s t r u c t i n g  o p a q u e  t a n k s  w h ic h  c a n  b e  u s e d  f o r  
h e t e r o t r o p h i c  o r g a n i s m s .  The s m a l l  v o lum e s  o f  c u l t u r e  r e q u i r e d  by
171
h e t e r o t r o p h i c  o r g a n i s m *  would  r e d u c e  c o s t s  a s s o c i a t e d  w i t h  t h e  pumping ,  
f i l t e r i n g ,  and  h e a t i n g  o f  s e a w a t e r  a s  w e l l  a s  c o s t s  f o r  t a n k  
c o n s t r u c t i o n  and  m a i n t e n a n c e .  I n  a d d i t i o n ,  c e r t a i n  e c o n o m i e s  o f  s c a l e  
w i l l  b e  g a i n e d  by  u s e  o f  a  s i n g l e  l a r g e  t a n k  a s  o p p o s e d  t o  u s i n g  
num erous  BO 1 v e s s e l s .  H e t e r o t r o p h i c  c u l t u r e s  r e q u i r e  more  a e r a t i o n  
t h a n  • l g a l  c u l t u r e s ,  b u t  a e r a t i o n  c o s t s  may n o t  be  l e s s  i n  a l g a l  
c u l t u r e s  b e c a u s e  a e r a t i o n  i s  o f t e n  u s e d  t o  p r o v i d e  m i x i n g  f o r  
homogeneous  i l l u m i n a t i o n .
The p r i n c i p a l  d i s a d v a n t a g e  t o  u s i n g  BCS i n  a b i v a l v e  h a t c h e r y  i s  
t h e  a lo w  g r o w t h  o f  o y s t e r s  f e d  £ .  V f f t l t a  c o m p a r e d  t o  X- s u e c i c a . A 
h a t c h e r y  u s i n g  BCS a n d  h a v i n g  o y s t e r *  grow 2.1% p e r  d a y  w i l l  r e q u i r e  a  
s t a n d i n g  s t o c k  o f  1 ,5 7 5  kg  o f  o y s t e r s  t o  a c h i e v e  t h e  same  p r o d u c t i o n  a s  
1 , 1 0 5  kg  o f  o y s t e r s  f e d  I .  s u e c i c a  and  g r o w i n g  3 . 5 1  p e r  d a y .  An a l g a l  
b a s e d  h a t c h e r y ,  t h u s ,  r e q u i r e s  o n l y  70% o f  t h e  s t a n d i n g  s t o c k  o f  t h e  BCS 
b a s e d  h a t c h e r y .  C o s t s  r e l a t e d  t o  m a i n t a i n i n g  t h e  o y s t e r  s t o c k  w i l l  be 
l e s s  f o r  an a l g a l  b a a e d  h a t c h e r y .  C o s t s  a s s o c i a t e d  w i t h  pumping  
s e a w a t e r ,  m a i n t e n a n c e  and  l a b o r  a s  w e l l  a s  t h e  i n i t i a l  c o n s t r u c t i o n  
c o s t s  w i l l  a l l  be  r e d u c e d .
W h i l e  t h i s  s t u d y  h a s  d e m o n s t r a t e d  t h a t  I t  i s  p o s s i b l e  t o  r a i s e  
j u v e n i l e  o y s t e r s  on  h a t e r o t r o p h i c  m i c r o o r g a n i s m s  c u l t u r e d  on BCS, t h e  
q u e s t i o n  o f  w h e t h e r  o y s t e r s  c a n  b e  r a i s e d  e c o n o m i c a l l y  on  s u c h  a  d i e t  
r e m a i n s  t o  be  a n s w e r e d .  As a  m eans  o f  r e c y c l i n g  n u t r i e n t s  f rom b r e w e r y  
w a s t e s ,  i t  i s  v e r y  i n e f f i c i e n t .  H e t e r o t r o p h l c  m i c r o o r g a n i s m s  r a i s e d  on 
BCS may h a v e  t h e  p o t e n t i a l  t o  l o w e r  a b i v a l v e  h a t c h e r y ' s  o p e r a t i n g  
c o s t s .  Many q u e s t i o n s ,  b o t h  s c i e n t i f i c  a n d  e c o n o m i c ,  w h i c h  a r e  n o t  
a d d r e s s e d  i n  t h i s  s t u d y ,  o u s t  b e  a n s w e r e d ,  b e f o r e  BCS c a n  be  u s e d  
s u c c e s s f u l l y  i n  a c o m m e rc i a l  v e n t u r e .  A p i l o t  s t u d y ,  o n  a  s c a l e  c l o s e r
172
Co * c o s u r c l i l  h a t c h e r y ,  u y  ba  t h e  a p p r o p r i a t e  mean* t o  a d d r a a *  t h e s e  
q u a a t I o n a .  I n  a d d i t i o n ,  f u r t h e r  r e s e a r c h  I n t o  f i n d i n g  a p a c l e a  and  
c o m b i n a t i o n *  o f  a p e c l a c  o f  h e t e r o t r o p h i c  f l a g e l l a t e * ,  w h i c h  a r e  b e t t e r  
b i v a l v e  f o o d a ,  may a l g n l f i c a n t l y  I m p ro v e  t h e  e c o n o m ic *  o f  o p e r a t i n g  a 
b i v a l v e  h a t c h e r y .
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